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Abstract
ABSTRACT
The tectonic settings of Indonesia are very complex due to a meeting poinf of
several active tectonic plates. The area of this study, the Cimandiri fault zone, is located
in the eastward of the transitional zone between the frontal subduction of Java and the
oblique subduction of Sumatra. This fault zone is extended from the Gulf of Pelabuhan
Ratu, West Java to the Bandung area, West Java, through some populated cities in West
Java such as Pelabuhan Ratu, Sukabumi, and Padalarang.
There are still debates on the Cimandiri fault zone even though many geological
investigations of the Cimandiri fault zone have been reported. That is, the type fault
of the Cimandiri fault has been also controverted among geologists. Therefore, it is
important to understand the subsurface sytem of the Cimandiri fault zone by carrying
out some geophysical investigations. In this aim, we investigate the subsurface struc-
ture of the Cimandiri fault zone by using audio-frequency magnetotelluric (AMT) and
gravity surveys around the Cimandiri faut zone.
The AMT sites were distributed on two profiles which are perpendicular and par-
allel to the Cimandiri fault. The AMT data analysis consists of data pre-processing,
magnetotelluric phase tensor analysis, galvanic distortion estimation as well as the 2-
D inversion modeling with consideration of the static shift effect. The analysis of the
gravity data consists of gravity reduction, regional and residual separation as well as
the forward modeling by using the Talwani method. The results of AMT and gravity
analyses present the subsurface structure of electrical resistivity and density structures
around the Cimandiri fault zone within the depth of 1-3 km.
Generally, the subsurface structure of the Cimandiri fault zone is characterized
by (1) the shallow conductive and low density zone (1-100 Ωm; 1.7-1.8 g/cm3) near
the surface and (2) a conductive and low density boundary (50-750 Ωm; 1.7 g/cm3)
between the resistive zones (> 1,000 Ωm; 2.0-2.3 g/cm3). Based on the previous ge-
ological studies on surface, the shallow conductive and low density zone possibly as-
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Abstract
sociated with the recent volcanic products and marine sediments which are dominant
at the surface in the study area. The boundary between the resistive zone is about 3
km width horizontally which coincides with the downward projection of the Cimandiri
River and fracture zone of the Cimandiri fault. The resistive zone have the depth of
1-3 km. Geologically, the resistive zones possibly corresponds to the low porosity
sediments. Moreover, our model presents the preferable type of the Cimandiri fault
zone is thrust. It is consistent with the tectonic background of the study area which
is horizontal compressional zone as the result of the continental collision between the
Australian-Indian Plates which have been moving toward to the northeast relative to
the Eurasian Plate.
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Chapter 1 Introduction
1.1 Exploration of Underground Structure
Generally, the fault escarpments in the topography can be used to identify active
faults. However, it will be difficult to be carried out in the area which is character-
ized by relatively low rates of tectonic deformation, manifestations of surface faulting
because of complex depositional and erosional processes and intensive agricultural ex-
ploitation. Non-destructive geophysical prospecting techniques, such as gravity, mag-
netic, seismic, electromagnetic methods and so on, may be applied to and localize
identify the fault without excavating or drilling it. Many faults can be expressed as
low-velocity and low-resistivity zones in higher velocity and higher resistivity envi-
ronmental background. If there is significant fault gouge or fracturing with contained
fluids, the fault zone will be presented as the low resistivity and low velocity zone.
Gravity data are used as regional preliminary screening tools, which are capable
of providing basin definitions and basement mapping. Gravity surveys are conducted
to assist the subsurface structural interpretation of the study area. Gravity anomalies
provide reliable definition of the structures at basement level and those within the sed-
imentary sequence. As for geophysical interpretation, the analysis of gravity data has
two distinct aspects: qualitative and quantitative. The qualitative process is largely
map-based and dominates the early stages of a study. Qualitative gravity interpretation
can be defined as creative integration of data distributions or gravity anomaly fields
with geology and physics. On the other hand, in quantitative gravity interpretation es-
sentially the locations, depths, shapes and density contrasts of geological bodies are to
be defined as “accurately” as possible. In quantitative interpretation, firstly, we isolate
those parts of the observed gravity anomalies which are caused by the target bodies.
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Then, we combine the available informations and adjust it mutually within the error
limits (Jacoby and Smilde (2009)) .
Magnetic and gravity surveys have in common, but the magnetic one is gener-
ally more complex and variation in the magnetic field is more uncertain and localized.
Magnetic map generally shows a multitude of local anomalies. The magnetic measure-
ment is one of the easiest and cheapest among the most geophysical measurements and
corrections are practically unnecessary. Magnetic methods are usually carried out to
identify the mineral structures as well as the regional structures. However, magnetic
methods lack uniqueness of interpretation Telford et al. (1990).
Seismic method is usually used for petroleum, groundwater, and civil engineer-
ing. Seismic method is also useful to locate the features, such as buried channels, in
which heavy minerals may be accumulated. The basic technique of seismic exploration
consists of generating seismic waves and measuring the time required for the waves to
travel from the sources to a series of geophones, usually disposed along a straight line
directed toward the source. The objective of seismic exploration is to deduce informa-
tion about the rocks, especially about the attitudes of beds, from the observed arrival
time and from variations in amplitude, frequency, phase, and wave shape Telford et al.
(1990).
The magnetotelluric (MT) method is a passive-surface electromagnetic technique
to investigate the electrical resistivity structure of the subsurface from the near surface
to the upper mantle (Vozoff, 1991). It uses natural electromagnetic field variations,
caused by solar radiation or lightning discharges, which induce electric currents in
the subsurface. In this study, we use audio frequency MT (AMT). AMT is a higher-
frequency magnetotelluric technique for shallower investigations.
The MT method is useful in fault zone investigations because resistivity in the
fault zone is significantly lower due to the existence of fluids (Ritter et al., 2005;
Becken et al., 2011). Some researchers who studied around active fault zones reported
a strong correlation between the presence of fluids and seismic activity (Unsworth
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et al., 2000; Ogawa et al., 2001; Ogawa and Honkura, 2004; Wannamaker et al., 2009;
Becken et al., 2011). In addition, other researches also revealed that the majority of
fault zones is associated with resistor-conductor boundaries, and devastating earth-
quakes occurring in or around asperities identified by local resistive areas spatially
surrounded by low resistivity zones (Honkura et al., 2000; Oshiman, 2002; Tank et al.,
2003, 2005; Kaya et al., 2009, 2013).
1.2 Regional Geological and Tectonic Setting of Indone-
sia
The tectonic settings of Indonesia are very complex due to a meeting point of sev-
eral tectonic plates. They are the Eurasia Plate, the Australian Plate, the Indian Plate,
the Sunda Plate, the Caroline Plate, the Philippine Sea Plate, and the Pacific Plate, as
shown in Figure 1.1. The Sunda arc is the result of the interaction among the Indian,
the Australian, and the Eurasia Plates. The Australian and the Indian Plates move
toward the northeast at a rate of about 50-80 mm/year relative to the Eurasian Plate
(Lasitha et al., 2006). The area of this study is located on eastward of the transitional
zone between the frontal subduction of Java and the oblique subduction of Sumatra
(Dardji et al., 1994).
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Figure 1.1 The tectonic settings of Indonesia (after McCaffrey, 2009).
West Java consists of four morphological and structural units, which are from
north to south: (1) the alluvial plain of West Java, (2) the folded mountain of Bogor
zone, (3) the Bandung zone which is mostly covered by recent volcanic product, (4) the
southern mountains of West Java, as shown in Figure 1.2 (van Bemmelen, 1949). The
boundary between the Bandung zone and the southern mountains trends N70-80oE
from the Gulf of Pelabuhan Ratu to the Bandung area. This boundary is called the
Cimandiri fault zone (van Bemmelen, 1949; Martodjojo, 1984).
The Bandung-Cimandiri fault zone locates along the Cimandiri river and mostly
covered by recent volcanic product. Figure 1.2 also shows the location of the Cimandiri
fault zone. Fluvial to shallow marine sediments, from Eocene to Pliocene ages, out-
crop in this zone (van Bemmelen, 1949; Sukamto, 1975; Martodjojo, 1984). Numer-
ous faults and folds can be observed near the Cimandiri fault zone (Sukamto, 1975).
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The Cimandiri fault zone is elongated about SW-NE and extended from the Gulf of
Pelabuhan Ratu to the Bandung area. The length of the Cimandiri fault zone is about
100 km. The Cimandiri fault zone, which has the geological strike about N70-80oE,
was interpreted as a sinistral strike-slip fault zone (Dardji et al., 1994). In addition,
the Cimandiri fault zones have the horizontal displacements of about 0.5 to 1.7 cm/yr
(Abidin et al., 2009).
Figure 1.2 The location of the Cimandiri fault zone (after Dardji et al., 1994). (1)
quaternary volcanics (2) alluvial plain (3) Bogor zone (4) dome and ridge
in Bandung zone (5) Bandung-Cimandiri zone (6) southern mountains (7)
trace of Cimandiri fault
1.3 Motivation and Purpose
The Cimandiri fault zone is located in West Java, Indonesia. It is through popu-
lated cities such as Pelabuhan Ratu, Sukabumi, and Bandung. Some moderate mag-
nitude and shallow earthquakes occurred in the Cimandiri fault zone in past decades.
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They are the Pelabuhan Ratu earthquake (1900), the Cibadak earthquake (1973), the
Gandasoli earthquake (1982), the Padalarang earthquake (1910), the Tanjungsari earth-
quake (1972), the Conggeang earthquake (1948), and the Sukabumi earthquake (2001)
(Martodjojo, 1984, 2003; Dardji et al., 1994; Abidin et al., 2009). However, there is
still a debate that suggested the Cimandiri fault zone is not active fault in recent years.
Moreover, even many geological investigations of the Cimandiri fault zone have been
reported, the less subsurface structure investigations of the Cimandiri fault zone by
using geophysical methods have been carried out. In addition, the type fault of the
Cimandiri fault zone has been also controverted among geologists.
Therefore, it is important to understand the system of the Cimandiri fault zone
by carrying out geophysical investigations in this area. Through this study, we also
would like to propose the subsurface model for the Cimandiri fault zone. In this aim,
we investigate the subsurface structure of the Cimandiri fault zone by using audio-
frequency magnetotelluric (AMT) and gravity data around the Cimandiri fault zone.
In this study, the AMT data are used the principal data, whereas, the gravity data are
analyzed as supporting data to investigate the subsurface condition in the study area.
The construction of the thesis is as follows. Chapter 1 is introduction. Chapter 2
comprises the geological background of the study area. The theoretical basics of the
AMT and gravity methods are described in Chapter 3. The data observation, the data
analysis, and the inversion modeling of the AMT data will be explained in Chapter
4. In Chapter 5, the data observation, the data analysis and the forward modeling of
the gravity data will be presented. The procedure of the data analysis of the AMT
and gravity is presented in Figure 1.3. Chapter 6 discusses about the most important
features of the AMT and gravity results. The analysis of the earthquakes around the
Cimandiri fault zone is also presented in this chapter. Finally, the conclusion of this
study and the recommendation for future works at the Cimandiri fault zone will be
given in Chapter 7.
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Chapter 2 Geology and Tectonic Setting of West Java
The Cimandiri fault zone is located in West Java, Indonesia. Therefore, the phys-
iography, the structural geology, the stratigraphy an the tectonic setting of West Java
will be explained in this chapter.
2.1 Physiography
Java has an area of 127.000 km2 and about 1000 km long. The part of West
Java is located in the western part of the island of Java, lying from the proper trend
lines begin East of the connecting line between the Thousand Island and the Gulf of
Pelabuhan Ratu to Cirebon. The West Java is 150-175 km wide. It is formed by an
alluvial lowland plain in the North and a mountains belt in the South. There are four
distinct morphological and structural unit in West Java : (1) the plain of Jakarta, (2) the
Bogor zone, (3) the Bandung zone, and (4) the southern mountain of West Java (van
Bemmelen, 1949), as shown in Figure 1.2
The plain of Jakarta is about 40 km wide, extending from Serang and Rangkas-
bitung to Cirebon. The Bogor zone is about 40 km long, consist of a complex belt of
hills and mountains. The Bogor zone is a folded mountain belt of Miocene to Pliocene
shelf edge and deep basinal turbidities, which strongly folded in Neogene strata with
many intrusions of abyssal volcanic rock (van Bemmelen, 1949; Bauman et al., 1972;
Martodjojo, 1984). The Bandung zone is the depressive zone in the West Java, which
is located south of the Bogor Zone. It is structurally the top part of the geanticline of
Java, which has broken down after or during it arched up at the end of the Tertiary.
The southern mountains has an average width of 50 km, extending from the Gulf
of Pelabuhan Ratu to Nusa Kambangan Islands, South of the Segara Anakan near Cila-
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cap. It is populated area, plantation and forestry lands. It represents the southern flank
of the Java geanticline, being a crustal block which has been tilted some degrees (about
5°-15°) to the southward. The southern mountains are composed of volcanic arc prod-
ucts associated with inter-stratified volcano-sedimentary series (van Bemmelen, 1949).
The boundary between the Bandung zone and the southern mountains trends N70-
80oE from the Gulf of Pelabuhan Ratu to the Bandung area. This boundary is called
the Cimandiri fault (van Bemmelen, 1949; Martodjojo, 1984; Dardji et al., 1994). The
Bandung-Cimandiri fault zone locates along the Cimandiri river, elongated about SW-
NE from Pelabuhan Ratu, passing Sukabumi, Cianjur to Padalarang, and mostly cov-
ered by recent volcanic product (Dardji et al., 1994).
2.2 Structural Geology
The complex processes resulting in basin formation in Indonesia are closely re-
lated to subduction beneath the Eurasian Plate (Hamilton, 1979; Hall, 2002). In Java
there is a record of subduction from the Cretaceous, and different structures have been
related to subduction and rifting in the arc and back-arc regions during the Cenozoic
(Yulianto et al., 2007).
There are four structural trends which have been recognized in West Java from
surface and subsurface geological data. These four structural trends are interpreted to
represent different tectonic episodes (Martodjojo, 1984, 2003; Pulunggono and Mar-
todjojo, 1994). They are (1) the Meratus trend, (2) the Sunda trend, (3) the Java trend,
and (4) the Sumatran trend, as shown in Figure 2.1.
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Figure 2.1 The structural geology of West Java based on surface geological mapping
and Bouguer gravity anomaly map. Red triangles are volcanoes. The rose
diagrams show structural trends for different sub-areas which display the
mean orientation of major structural features such as faults and folds (after
Yulianto et al., 2007).
The Meratus trend strikes northeast-southwest and can be traced from southwest
Java to the Meratus Mountains in Kalimantan. It is interpreted to result from broadly
northward subduction beneath Sundaland in the Cretaceous (Hamilton, 1979; Mar-
todjojo, 1984). The Sunda trend has north-south strike and controlled by the Eocene
extension that led to development of Paleogene sedimentary basins (Cole and Critten-
den, 1997). The Java trend strikes east-west and is parallel to the long axis of the island
and is considered to be related to the currently active subduction of the Indian Plate
beneath Java, which began some time during the early Cenozoic. The Sumatran trend
strikes northwest-southeast. This trend is parallel to the trend of the Bukit Barisan
Mountains in Sumatra Island (Martodjojo, 1984, 2003).
The Cimandiri fault zone in West Java has been suggested to be inherited from the
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northward subduction beneath Sundaland system and as the part of the Meratus trend
which has strike northeast-southwest (Dardji et al., 1994). In addition, the Cimandiri
fault zone is thought to be a structure which is influencing Cenozoic sedimentation
(Martodjojo, 1984, 2003; Schiller et al., 1991). Evidence for the continuation of this
fault zone east of Bandung is lacking (van Bemmelen, 1949). Hamilton (1979) has
identified in the Java Sea a structural zone that connects the Cimandiri fault zone to the
Meratus Mountains south-east of Kalimantan.
2.3 Stratigraphy
The geological history of Java occurred during the Cenozoic paleogeographical
evolution. In fact, most of West Java was embodied up to the present day by the vol-
canic arc (Bauman et al., 1972). The Cenozoic paleogeographical evolution of West
Java has been described by Martodjojo (1984). From late Cretaceous to Eocene, a
northeast-southwest trending subduction zone was active. During this time the north-
ern part of West Java acted as a magmatic arc while the Bandung zones and the South-
ern Mountains were, fore-arc and trench regions, respectively.
In the Bandung-Bogor zones folding, thrusting and magmatic activity occurred
during Plio-Pleistocene time or even earlier, while the series in the plain of Jakarta
zone were only slightly folded (van Bemmelen, 1949; Martodjojo, 1984). The plain of
Jakarta, which located on the northern part of Java, consists largely of alluvial river de-
posits and mud flows from the volcanoes in the hinterland, with occasional exposures
of slightly folded marine tertiary sediments (van Bemmelen, 1949). The sediments
have covered the plain of Jakarta is the Miocene to Pleistocene shelf sediments (Bau-
man et al., 1972). The Bogor zone was filled up by a thick sequence of mainly clastic
material brought in as volcanic sediments from the southern islands arc in the mid-
dle Miocene. At the same time, fine clastic terrigenous and calcareous material was
brought in from the Sunda continent and its fringing reefal belt. Most of this material
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was transported by turbidities and gravity sliding, giving the sedimentary column of
the trough a flyschlike appearance in the middle Miocene .
The Bandung zone is partly filled by young volcanic and alluvial deposits, but
these upland plains are occasionally interrupted by hills and ridges of the tertiary rock.
Fluvial to shallow marine sediments, from Eocene to Oligocene ages, succeeded by
turbiditic sediments of Miocene to Pliocene ages, outcrop in this zone (van Bemmelen,
1949; Sukamto, 1975; Martodjojo, 1984). In the southern mountains a new magmatic
arc started and developed in early Oligocene or late Eocene times (Bellon et al., 1989;
Soeria-Atmadja et al., 1990). This arc was related to a new east-west trending subduc-
tion (Martodjojo, 1984). The southern high mainly consists of andesitic volcaniclastic
strata (the late Oligocene to middle Miocene) called old andesite, intruded by comag-
matic dioritic to granitic plutons. Local uplifts took place at different times along this
high. Thus, facies changes and disconformities are frequent. The volcanic centers em-
bodied by islands were often fringed by reefal complexes of Miocene ages (Bauman
et al., 1972).
Along the line of the Cimandiri Fault exposed pebbly conglomerates with highly
rounded pebbles up to 3 cm length, bedded quartz-rich sandstones, calcareous sand-
stones and limestones, tuffaceous sandstones and dark mudstones. In addition, chan-
nels, load casts, normal grading and fluid escape structures suggest rapid deposition.
There are several hundred meters of sediments although observed structural repetition
by folding and faulting means that thickness estimates are uncertain. The rocks are de-
formed and throughout the area bedding dips are consistently greater than 60°. Along
the Cimandiri river quartz-rich sandstones and mudstones strike approximately 55°
(Dardji et al., 1994; Martodjojo, 1984, 2003; Schiller et al., 1991; Hall et al., 2007).
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2.4 Tectonic Setting
Western Java shows considerable compressional deformation, whereas deforma-
tion in the central and the eastern Java is negligible. In the offshore Java fore arc
region, deformation velocities indicate dominance of compression (19 mm/yr) in the
western part, which gradually changes to extension (3 mm/yr) towards the east (La-
sitha et al., 2006). Along the Java trench the Australian–Oceanic plate is moving and
pushing on to and subducting beneath the Java continental crust at a relative motion of
about 70 mm/yr in north-northeast direction. According to Natawidjaya (2006), this
subduction-zone process imposes tectonic stresses on the fore-arc region offshore and
on land of Java, thus causes the formation of earthquake fault zones to accommodate
the plate movement. It is known that there are three active faults in West Java region.
These faults are the Lembang, Baribis and Cimandiri faults, as shown in Figure 2.2. .
Figure 2.2 The three active faults in West Java (Abidin et al., 2009).
The Lembang fault is topographically and geologically remarkable and runs about
10 km north of Bandung in the EW direction. The Lembang fault has an earthquake
cycle of about 500 years (Abidin et al., 2009). Relatively large population is living
around the fault area, such as Bandung and Lembang. The Baribis fault is a thrust fault
in the region of Subang–Majalengka–Kuningan, in the eastern part of West Java. The
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Baribis fault can be considered as an active fault, since there have been several earth-
quakes occurring in the region along this fault (Abidin et al., 2009). The Cimandiri
fault is an active fault in Sukabumi area (West Java), which runs in the direction from
Pelabuhan Ratu to Bandung area, passing through Sukabumi, Cianjur, and Padalarang.
Numerous faults and folds can be observed near the Cimandiri fault zone (Sukamto,
1975). The horizontal displacement rates of the Lembang fault, Cimandiri fault, and
Baribis fault vary spatially 0.3 - 1.4 cm/year, 0.5 - 1.7 cm/year, 1.0 - 2.1 cm/year, re-
spectively (Abidin et al., 2009). The horizontal displacements of the Cimandiri fault
zone is shown in Figure 2.3.
Figure 2.3 Average horizontal displacement rates of the area around the Cimandiri fault
zone (Abidin et al., 2009).
Some geological studies were also carried out in the Cimandiri fault zone to in-
vestigate the fault type of the Cimandiri fault zone. The subsurface structure of the
Cimandiri fault was investigated by Dardji et al. (1994) supported the hypothesis of
stress reorientation along a major strike-slip fault (Anderson, 1951). Dardji et al.
(1994) identified that the Cimandiri fault zone was interpreted as a sinistral strike-slip
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based on the paleostresses computation. However, Martodjojo (2003) and Haryanto
(2014) showed the Cimandiri fault is the normal fault, as shown in Figures 2.4 and 2.5,
respectively. Martodjojo (2003) suggested the Cimandiri fault zone is dominated by
the Bojonglopang Formation (siliciclastic and carbonate deposits), the Rajamandala
Formation (reef limestone), the Bantargadung Formation (siliciclastic and carbonate
deposits), the Saguling Formation (submarine volcanic deposits), the Jampang Forma-
tion (interbedded volcanielastics and recent volcanic products with sporadic limestone
intervals), the Citarum Formation (volcanogenic turbidites and debrites (recent vol-
canic products)), and the Bayah Formation (mudstones, sandstones, and conglomer-
ates). Haryanto (2014) suggested the Cimandiri fault zone is dominated by the Bantar-
gadung Formation (siliciclastic and carbonates deposits), the Nyalindung Formation
(shallow marine sediments), the Ciherang Formation (alluvial deposits), the Bojon-
glopang Formation (siliciclastic and carbonates deposits), the Cimandiri Formation
(marine sediments which were developed in different facies), the Jampang Formation
(interbedded volcanielastics and recent volcanic products with sporadic limestone in-
tervals), the Bayah Formation (mudstones, sandstones, and conglomerates), and the
Wallat Formation (fluvial deposits).
On other hand, Hall et al. (2007) suggested the Cimandiri fault zone is just a
thrust, not an active fault since there is the ambiguity of the field relationship in the
Cimandiri valley, as shown in Figure 2.6. Based on the study carried out byHall
et al. (2007), the Cimandiri fault zone is dominated by the Batuasih Formation (black
shaly claystone, and limestone intercalations in the upper part), the Ciletuh Forma-
tion (sand-rich submarine fan complex (sandstone)), the Cimandiri Formation (ma-
rine sediments developed in different facies), the Citarum Formation (volcanogenic
turbidites and debrites (recent volcanic products)), the Jampang Formation (interbed-
ded volcanielastics and recent volcanic products with sporadic limestone intervals),
the Rajamandala Formation (reef limestone (marine sediments)), the Bayah Formation
(mudstones, sandstones, and conglomerates), and the Ciemas Formation (quartz-rich
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sandstones, pebbly sandstones and conglomerates).
Figure 2.4 The subsurface structure of the western part of the Cimandiri fault zone (af-
ter Martodjojo, 2003). (a) The profile of U-S. (b) The subsurface structure
interpretation of the U-S profile.
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Figure 2.5 The subsurface structure of the western part of the Cimandiri fault zone
Haryanto (after 2014). (a) The A profile. (b) The subsurface structure inter-
pretation of the A profile.
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Figure 2.6 The subsurface structure of the western part of the Cimandiri fault zone
Hall et al. (after 2007). (a) The C profile. (b) The subsurface structure
interpretation of the C profile.
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Chapter 3 Principle of AMT and Gravity Methods
In this chapter, the theoretical background of magnetotelluric (MT) and gravity
methods will be described.
3.1 Magnetotelluric (MT)
3.1.1 Introduction
Magnetotelluric (MT) is a passive-surface electromagnetic technique to investi-
gate the electrical resistivity structure of the subsurface from the near surface to the
upper mantle (Vozoff, 1991). It uses natural electromagnetic field variations which
induce electric currents in the subsurface. There are two sources of them,
1. The lower frequencies signal which is generally lower than 1 Hz. The source of
the lower frequencies signal is originated from the interaction the solar wind
and the earth’s magnetic field. As solar wind is streams of ions, it travels
through space and disturbs the earth’s ambient magnetic field and produces low-
frequency electromagnetic waves that penetrate into the earth.
2. The high frequency signal which is greater than 1 Hz. The higher frequencies
signal is created by world-wide thunderstorm activity, usually near the equator.
The wave created by these storms travels around the earth in a wave guide be-
tween the earth’s surface and the ionosphere, with part of the energy penetrates
into the earth.
Both of them create time-varying electromagnetic waves. Although the variations of
electric and magnetic fields are small, they are measurable since these signals vary
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in strength over hours, days, weeks, and even over the sunspot cycle and creates an
increase in the number of solar storms (Naidu, 2012).
There are some assumptions in MT method (Cagniard, 1953; Keller and Frischknech,
1996). They are as follows:
1. The Earth does not generate electromagnetic wave but only dissipates or absorbs
it.
2. The Maxwell’s electromagnetic equations are obeyed.
3. All electromagnetic fields are treated as conservative and analytic away from
their sources.
4. The passive electromagnetic source fields is being generated by large scale of
ionospheric current systems that are relatively far away from the Earth surface,
which is may be treated as uniform and plane-polarized electromagnetic waves
impinging on the Earth at near vertical incidence.
5. Accumulation of free charges can’t be expected to be sustained within a layered
Earth.
6. The time varying displacement currents are negligible compared with time vary-
ing conduction currents and promotes the treatment of electromagnetic induction
in the Earth purely as a diffusion process.
7. The variations in the magnetic permeability and electrical permittivity of rocks
are assumed negligible.
The first paper which explained about the MT method was by Tikhonov in 1950.
Tikhonov showed that at low frequencies, the derivative of the horizontal magnetic
field (H) is proportional to the orthogonal component of the electric field (E). In 1953,
the Cagniard published a paper in which he developed formula relating Ex and Hy on
the surface of a layered medium with a plane wave incident. The works of Tikhnov
(1950) and Cagniard (1953) form the basis for 1-D MT studies.
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3.1.2 Principle of MT
According to Faraday’s law in the Earth’s interior, the time varying external mag-
netic field in the ionosphere induces an electric field which in turn induces a secondary,
internal magnetic field (Ampere’s law). The induction process in a homogeneous
isotropic medium is governed by the Maxwell equations, which can be written as fol-
lows:
O×E =−∂B
∂ t
(3.1)
O×H = J+ ∂D
∂ t
(3.2)
O ·B= 0 (3.3)
O ·D= ρ f (3.4)
where E is the electric field in volt/meter (V/m), B is the magnetic induction (mag-
netic flux density) in Tesla (T ), H is the magnetic field in ampere/m (A/m), J is the
electric or conduction current density in A/m2, D is the electric displacement (electric
flux density) in coulomb/meter2 (C/m2), ρ f is the electric charge density which is
owing to free charges. For a linear isotropic medium, the material equations have been
shown by:
B= µH (3.5)
D= εE (3.6)
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J = σE (3.7)
ε = εrε0 (3.8)
µ = µrµ0 (3.9)
For MT studies, variations in electrical permittivity (ε) and magnetic permeability of
rocks (µ) are negligible compared with variations in electrical conductivities (σ). In
this condition, the free space values (ε0 = 8.85× 10−12 f arad/m (F/m);µ0 = 4pi ×
10−7 henry/m (H/m)) are assumed.
By taking time derivative of Equation 3.2 and by multiplying by µ and using
Equation 3.1, it will get
−∇× (∇×E) = µσ ∂
∂
E+µσ
∂ 2
∂ 2
E (3.10)
using that ∇× (∇×A) = ∇ · (∇ ·A)−∇2A and assumed ∇ ·E = 0, Equation 3.10 will
be
∇2E−µσ ∂
∂
E−µσ ∂
2
∂ 2
E = 0 (3.11)
∇2H−µσ ∂
∂
H−µσ ∂
2
∂ 2
H = 0 (3.12)
If the fields vary harmonically in time, that is as eiωt , it will be
∇2E+ k2E = 0 (3.13)
∇2H+ k2H = 0 (3.14)
22
Principle of AMT and Gravity Methods
where
k2 = µεω2− iµσω (3.15)
Equations 3.13 and 3.14 have plain wave solution
E(x, t) = E+e−i(k·x−ωt)+E−ei(k·x−ωt) (3.16)
H(x, t) = H+e−i(k·x−ωt)+H−ei(k·x−ωt) (3.17)
where k= ku is the propagation vector and u is normal to the planes of constant phase.
The first term in Equations 3.16 and 3.17 is a wave propagating in the direction of
u, whereas the second term is a wave propagating in opposite direction. The wave
number k is the square root of Equation 3.15 and is complex:
k = α− iβ (3.18)
where
α = ω
√
εµ
√√√√1
2
(√
1+
( σ
εω
)2
+1
)
(3.19)
β = ω
√
εµ
√√√√1
2
(√
1+
( σ
εω
)2
−1
)
(3.20)
For a wave propagating in the direction of u with the wave vector k= ku, Equa-
tions 3.16 and 3.17 will be
E(x, t) = E0e−i(k·x−ωt) (3.21)
H(x, t) = H0e−i(k·x−ωt) (3.22)
From Equations 3.3 and 3.4
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(O ·B= µO ·H = 0 and O ·D= εO ·E = 0)
it will be
(k ·H = ku ·H = 0 and k ·E = ku ·H = 0)
so both E and H are perpendicular to the wave vector k.
The relationships between σ and ωε are given
ωε
σ
=
2piρ f 10−9
36pi
≈ 1
2
ρ
T
10−10 [Ωm/s] (3.23)
where f is frequency, T is period and ρ is electrical resistivity. In MT method, the
frequency range is from 10-4 Hz to 104 Hz. Generally, the electrical resistivity values
of materials in the Earth vary between 1-1,000 Ωm. If we assume f = 104Hz and
ρ = 1,000 Ωm, Equation 3.23 will be given
ωε
σ
=
1
2000
(3.24)
Since the result of Equation 3.24 is small enough, Equation 3.23 can be formulated
∇×H = σE (3.25)
∇×H and σE can be expressed as
∇×H = iωµH =
∣∣∣∣∣∣∣∣∣∣
i j k
∂
∂x
∂
∂y
∂
∂ z
Ex Ey Ez
∣∣∣∣∣∣∣∣∣∣
(3.26)
σE =
∣∣∣∣∣∣∣∣∣∣
i j k
∂
∂x
∂
∂y
∂
∂ z
Hx Hy Hz
∣∣∣∣∣∣∣∣∣∣
(3.27)
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From Equation 3.1 and Equation 3.2 for H=(0, Hy, 0) and E=(Ex, 0, 0), it can be
expressed
∂Ex
∂ z
= iωµHy (3.28)
∂Hy
∂ z
=−σEx (3.29)
If we assume EM wave propagate along z-axis, Equation 3.28 and Equation 3.29, can
be formulated
∂ 2Ex
∂ z2
=−iωµσEx (3.30)
∂ 2Hy
∂ z2
=−iωµσHx (3.31)
For k=
√
iσµω , k is wave number, Equation 3.30 and Equation 3.31 can be expressed
∂ 2Ex
∂ z2
+ k2Ex = 0 (3.32)
∂ 2Hy
∂ z2
+ k2Hx = 0 (3.33)
3.1.3 Impedance Tensor
In MT method, an electromagnetic wave propagating into the earth (homogeneous
and isotropic) has its electric and magnetic field wave vectors orthogonal to each other.
The ratio of electric and magnetic field intensity (E/H) termed as the impedance (Z)
which is a characteristic measure of the EM properties of the sub surface medium, and
constitutes the basic MT response function. The impedance tensor, Z(ω), relates the
horizontal complex components of the electric (E) and magnetic (H) fields at a given
frequency (ω). In a homogeneous media, the ratio of the orthogonal components is
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Z = iωk (3.34)
where k is wave number and ω is angular frequency. In a general 3-D earth, the
impedance is expressed in matrix form in Cartesian coordinates (x, y horizontal and z
positive downwards):
 Ex(ω)
Ey(ω)
=
 Zxx(ω) Zxy(ω)
Zyx(ω) Zyy(ω)

 Hx(ω)
Hy(ω)
 (3.35)
3.1.4 Skin Depth
The depth of penetration of the field variations depends on period length and the
conductivity of the subsurface. It is called as skin depth effect. The skin depth (δ (ω))
in a homogeneous earth is defined as
δ (ω) =
(
2
|k2|
)1/2
=
(
2
σµω
)1/2
(3.36)
where k is spatial wave number, ω is angular frequency, σ is electric conductivities, µ
is magnetic permeability of rocks. The skin depth represents the exponential decay of
the electromagnetic field amplitude with depth. At depth (δ (ω)), the amplitude of the
electromagnetic field drops by 1/e or about 37% with respect to its value at the surface.
The skin depth is proportional to the square root of period (T) (T = 2pi/ω). It infers
that the skin depth increases with the period T.
3.1.5 1-D Earth
The MT response functions are reduced to specific expressions depending on the
spatial distribution of the electrical conductivity being imaged. These spatial distri-
butions, known as geoelectric dimensionality, can be classified as 1-D, 2-D or 3-D.
For the 1-D Earth case, the conductivity distribution is depth dependent only and the
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Maxwell’s equations can be analytically solved by properly applying the boundary
conditions. The solutions are electromagnetic waves, with the electromagnetic field
always orthogonal to the magnetic field, that travel perpendicular to the surface of the
Earth in a constant oscillation direction. They attenuate with depending on their period
and conductivity values. By substituting k = (σωµ)1/2, Equation 3.34 will be
∣∣Z2∣∣= ωµ
σ
(3.37)
By substituting ρ = 1/σ to Equation 3.37, the apparent resistivity for 1-D Earth case
can be defined by
ρa =
1
σ
=
|Z2|
µω
(3.38)
ρa =
T
2piµ
|Z2| (3.39)
ρa =
T
2piµ
∣∣∣∣ExHy
∣∣∣∣2 (3.40)
where ρa is the apparent resistivity in Ωm, T is period n second when Ex measured in
V/m, Hy in Am. The phase, ϕ , can be formulated by
ϕ = arctan
 ℑ
(
Ex
Hy
)
ℜ
(
Ex
Hy
)
 (3.41)
where ℑ and ℜ represent the imaginary and the real part of ratio of Ex and Hy .
3.1.6 2-D Earth
In a 2-D Earth, the conductivity is constant along one horizontal direction and
changing both along the vertical and the other horizontal direction. Considering a
right-handed Cartesian coordinate system (x, y, z), in the 2-D case, the conductivity
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varies along two directions, namely one horizontal direction (for example, x direction)
and the other along the vertical direction (z). Along the other horizontal direction
(y) the resistivity does not change and this direction is called the geoelectric strike
direction. When the earth is 2-D, ρ = ρ(x, z) and the derivative with respect to y is
equal to zero, ∂/∂y= 0. In a 2-D Earth case, the total electromagnetic fields split into
two independent modes, as follows:
1. E-polarization or transverse electric (TE). In this case electric field polarized
parallel to the strike direction (invariant axis). For the E-polarization case, field
components in addition to Ey are
E = Ey (3.42)
Hx =
1
iµω
∂Ey
∂ z
(3.43)
Hz =− 1iµω
∂Ey
∂x
2. H-polarization or transverse magnetic (TM). In this case magnetic field polarized
parallel to the strike direction (invariant axis). For the H-polarization case, field
components in addition to Hy are
H = Hy (3.44)
Ex =−ρ ∂Hy∂ z (3.45)
Ez =−ρ ∂Hy∂x (3.46)
In a 2-D earth the diagonal elements of Z vanish: Zxx = Zyy = 0. For a 2-D Earth,
the conductivity varies along one horizontal direction as well as with depth, Zxx and
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Zyy are equal in magnitude, but have opposite sign, whilst Zxy and Zyx differ. Hence,
Equation 3.35 can be expressed by
 Ex(ω)
Ey(ω)
=
 0 Zxy(ω)
Zyx(ω) 0

 Hx(ω)
Hy(ω)
 (3.47)
The two components of the impedance tensor can be formulated by
Zxy(ω) = ZTE =
Ex(ω)
Hy(ω)
(3.48)
Zyx(ω) = ZTM =−Ey(ω)Hx(ω) (3.49)
with corresponding apparent resistivity value, ρa:
ρa(xy)(ω) = ρa(TE)(ω) =
1
µω
∣∣Zxy(ω)∣∣2 (3.50)
ρa(yx)(ω) = ρa(TM)(ω) =
1
µω
∣∣Zyx(ω)∣∣2 (3.51)
and corresponding phase value, ϕ:
ϕ(xy)(ω) = arctan
(
ℑ(Zxy)(ω)
ℜ(Zxy)(ω)
)
(3.52)
ϕ(yx)(ω) = arctan
(
ℑ(Zyx)(ω)
ℜ(Zyx)(ω)
)
(3.53)
3.1.7 Induction Arrows
Induction arrows are vector representations of the complex ratios of vertical to
horizontal magnetic field components. Since vertical magnetic fields are generated
by lateral conductivity gradients, induction arrows can be used to infer the presence
or absence of lateral variations in conductivity (Simpson and Bahr, 2005). It can be
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illustrated in Figure 3.1.
Figure 3.1 The illustration of induction vector arrows which can infer the presence or
absence of lateral variations in conductivity.
The vectors are also sometimes called tipper vectors as they transform horizontal
magnetic fields into the vertical plane according to the relationship
Hz(ω) = (Tx(ω) Ty(ω))
 Hx(ω)
Hy(ω)
 (3.54)
where Tx(ω) and Ty(ω) are the induction vector arrows. In a 2-D Earth, induction ar-
rows are associated only with the E-polarization. Thus, insulator-conductor boundaries
extending through a 2-D Earth give rise to induction arrows that orient perpendicular
to them, and have magnitude that are proportional to the intensities of anomalous cur-
rent concentrations, which are intern determined by the magnitude of the conductivity
gradient or discontinuity (Jones and Price, 1970).
3.1.8 Galvanic Distortion
In the MT method, a structure with inductive scale-lengths shorter than the short-
est penetration depth can cause electromagnetic distortion over the whole period range
of observation. This effect is called the galvanic distortion. In MT data analysis, the
presence of the galvanic distortion causes a period-independent parallel shift of the
apparent resistivity curve in the log (apparent resistivity) versus log (period) plot. The
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shift of the apparent resistivity is called the static shift.
Without the proper removal of the static shift effects from the MT data, both the
resistivity and depth estimates of the Earth structure of the interest region could be
erroneous. The methods to remove the static shift can be classified into two categories:
one uses additional information about some feature of the Earth, whereas the other uses
only data themselves (Ogawa and Uchida, 1996). For the first method, the static shift
can be removed with additional information on the shallow undistorted structure, e.g
measurements about key layer with an assumed resistivity variation, time-domain elec-
tromagnetic measurements at each MT site (Sternberg et al., 1988), or spatial filtering
(Torres-Verdin, C and Bostick, F. X. Jr., 1992). For the second one, no additional in-
formation is usually available. The static shift is removed by using the MT data alone.
Some methods are proposed by Jones et al. (1992) and deGroot-Hedlin, C. (1991):
Jones et al. (1992) used the long-period asymptote of the TE-mode apparent resistivity
data, whereas deGroot-Hedlin, C. (1991) included the unknown static shift as model
parameters to be determined in the inversion of the MT data.
3.1.9 Magnetotelluric Phase Tensor
The magnetotelluric phase tensor (or phase tensor) was introduced as a tool to
obtain information about the dimensionality of the regional structure (Caldwell et al.,
2004). The phase of a complex number is defined from the ratio of its real and imagi-
nary parts. Hence, the phase tensor can be defined as follows:
Φ =
Y
X
(3.55)
The impedance tensor, which is a second rank tensor, can be expressed by
Z =
 Z11 Z12
Z21 Z22
 (3.56)
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and by separating the complex impedance tensor into their real (X) and imaginary (Y),
it can be written Z = X+ iY . Hence, Equation 3.30 will be
Z =
 X11+ iY11 X12+ iY12
X21+ iY21 X22+ iY22
 (3.57)
Hence, the phase tensor (Φ) can be expressed by
Φ =
 Φ11 Φ12
Φ21 Φ22
=
 X22Y11−X12Y21 X22Y12−X12Y22
X11Y21−X21Y11 X11Y22−X21Y12
/det(X) (3.58)
where det(X) = X11X22−X12X21is the determinant of X.
If the regional conductivity is both isotropic and 1-D (the conductivity varies only
with depth), the impedance tensor has a following form
Φ =
 Y/X 0
0 Y/X
 (3.59)
since two diagonal component values of the impedance tensor have same value, Equa-
tion 3.59 can be expressed by
Φ = (Y/X)I = tan(φ)I (3.60)
where I is the identity matrix, and Φ is characterized by a single scalar quantity equal
to the tangent of the conventional MT phase(φ) for a 1-D structure. Equation 3.60 is
invariant under rotation; i.e. the regional electric and magnetic fields are perpendicular
and independent of the direction of polarization.
The magnetotelluric phase tensor can be written in the form of the singular value
decomposition (SVD) of a square matrix (Caldwell et al., 2004). Equation 3.60 can be
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expressed in the form as follows:
Φ = RT (α−β )
 Φmax 0
0 Φmin
R(α+β ) (3.61)
where R(α+β ) is the rotation matrix and can be formulated by
R(α+β ) =
 cos(α+β ) sin(α+β )
−sin(α+β ) cos(α+β )
 (3.62)
RT is the transposed or inverse rotation matrix. It can be also written RT (θ)=R−1(θ)=
R(−θ). α and β can be expressed by
α =
1
2
arctan
(
Φ12+Φ21
Φ11+Φ22
)
(3.63)
β =
1
2
arctan
(
Φ12−Φ21
Φ11+Φ22
)
(3.64)
The angle of α expresses the tensor dependence’s on the coordinate system and with
the three coordinate invariants completely defines the tensor. The angle of β is called
the skew angle and can be thought of as rotation and is a measure of the tensor asym-
mmetry. The angle of β depends on the tensor’s skew (Φ12−Φ21), which is invariant
under rotation but changes sign if the coordinate system is reflected (Caldwell et al.,
2004).
Graphically, the magnetotelluric phase tensor can be represented as an ellipse
where the principal axes of the tensor are represented by the major and minor axes of
the ellipse, as shown in Figure 3.2. In particular, the major (Φmax) and minor axes
(Φmin) of the ellipse depict the principal axes and values of the tensor with the orien-
tation of the major axes specified by angle α−β . In general case, where the regional
conductivity distribution is 3-D, the skew angle (β ) is non-zero and represent the ro-
tation of the major axes of the phase tensor ellipse. If the phase tensor is symmetric
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(β = 0), the principal values of the tensor are equal to its eigenvalues. This situation
occurs where the regional conductivity distribution is 1-D or 2-D. In this case, the ori-
entation of the major axes is given by α . The 1-D case occurs when Φ is symmetric
and has equal principal values. In this case, the electric field will be linearly polarized
if the magnetic field is linearly polarized. The 2-D case occurs when Φmax 6=Φmin and
it will be two directions for which a linearly polarized magnetic field will give rise to
a linearly polarized electric field (Caldwell et al., 2004).
Figure 3.2 The graphical sketch of the phase tensor (after Caldwell et al., 2004). The
length of the ellipse axes, which represent the principal axes of the tensor,
are proportional to the principal (or singular) values of the tensor. Φmax
and Φmin are the coordinat invariant of the maximum and minimum tensor
values, respectively. α and β are the tensor’s dependence angle and skew
angle, respectively. The direction of major axis of the ellipse, given by the
angle α−β , indicates the preferred flow direction of the regional induction
current.
According to Figure 3.2, the α−β value can be used to verify the regional strike
of the study area, while the β value can be used to identify the dimensionality of
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the study area. The Φmax and Φmin can be expressed by Equations 3.65 and 3.66,
respectively.
Φmax = (Φ1+Φ2)− (Φ1+Φ3−Φ2) (3.65)
Φmin = (Φ1+Φ2)+(Φ1+Φ3−Φ2) (3.66)
where Φ1 =
(
Φ11+Φ22
2
)1/2
, Φ2 =
(
Φ12+Φ21
2
)1/2
, and Φ3 = (Φ11+Φ22−Φ12+Φ21).
3.1.10 Modeling of MT Data
In MT, a model consists of a region with a particular conductivity distribution,
which can be 1D, 2D, or 3D depending on the spatial distribution of the electrical
conductivity. The model parameters are the conductivity values at different model
positions. The model responses are normally the resistivity and phase measured at the
Earth’s surface as a consequence of the electromagnetic fields traveling through these
conductivity distributions, according to Maxwell’s equations. Actually, it is known that
there are two modeling processes, namely forward and inversion modeling. Depending
on the dimensionality of the interest region, the 1D, 2D, or 3D models of the interest
area can be constructed using different modeling techniques of the forward or inversion
modeling.
Forward modeling is an iterative procedure involving trial and error fitting of data.
The process of forward modeling are (1) computing the response of an input model,
(2) comparing these with measured data, (3) modifying the model where the data are
poorly fitted, and (4) recompute the response until a satisfactory fit to the measured
data is achieved. Nowadays, the forward modeling can be solved efficiently for any
dimensionality model, analytically in simple cases and numerically in general. In 2-D,
one of the most used codes is PW2D Wannamaker et al. (1987). The PW2D uses the
finite elements algorithm to compute the model responses, and is characterised by high
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numerical stability.
Inversion modeling carry out the modeling process by searching the relationships
between the measured data and the model responses, modifying the model until an
agreement is approached. In many cases these are a combination of forward modeling
plus minimization (or maximization) algorithms. One of the inversion modeling is the
code developed by Ogawa and Uchida (1996). This code is an improvement of treating
static shift from deGoot-Hendlin (deGroot-Hedlin, C., 1991) which is constraining the
sum of the static shift to be zero. In the code developed by Ogawa and Uchida (1996),
the static shift was assumed obeying Gaussian distribution.
3.2 Gravity
3.2.1 Introduction
Gravity is a natural-source method. Gravity data have been traditionally thought
as regional screening tools capable oto provide basin definitions and basement map-
ping. The gravity method is based on the universal law of gravitation which was dis-
covered by Sir Isaac Newton. Through the expedition to Lapland and Peru (Ecuador)
in 1735-1745, Pierre Bouguer established many of the basic gravitational relationships,
including variations of the gravity with elevation and latitude, the horizontal attraction
due to mountains, and the density of the Earth (Telford et al., 1990).
Gravity data are used as regional preliminary screening tools, which are capable
of providing basin definitions and basement mapping. Gravity surveys are conducted
to assist the subsurface structural interpretation of the study area. Gravity anomalies
provide reliable definition of the structures at basement level and those within the sed-
imentary sequence. As for geophysical interpretation, the analysis of gravity data has
two distinct aspects: qualitative and quantitative. The qualitative process is largely
map-based and dominates the early stages of a study. Qualitative gravity interpretation
can be defined as creative integration of data distributions or gravity anomaly fields
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with geology and physics. On the other hand, in quantitative gravity interpretation es-
sentially the locations, depths, shapes and density contrasts of geological bodies are to
be defined as “accurately” as possible. In quantitative interpretation, firstly, we isolate
those parts of the observed gravity anomalies which are caused by the target bodies.
Then, we combine the available informations and adjust it mutually within the error
limits Jacoby and Smilde (2009).
3.2.2 Principle of Gravity
The force of gravitation is expressed by Newton’s law: The force between two
particles of masses m1and m2 is directly proportional to the product of the mass and
inversely proportional to the square of the distance between the center of masses. The
Newton’s law of gravitation can be expressed in the following
F = γ
(
m1×m2
r2
)
r1 (3.67)
where F is the force on m2, r1 is a unit vector directed from m2 toward m1, r is the
distance between m1 and m2, and γ is the universal gravitational constant (γ = 6.672×
10−11Nm2/kg2).
The acceleration of m2 due to the presence of m1 can be formulated by dividing
F by m2, which can be expressed by
g=
(γm1
r2
)
r1 (3.68)
The acceleration g is equal to the gravitational force per unit mass due to m1. If m1is
the mass of the Earth, Meso that g becomes the acceleration of gravity and is given by:
g=
(
γMe
R2e
)
r1 (3.69)
Re is the radius of the Earth and r1extends downward toward the center of the Earth.
The acceleration of gravity was first measured by Galileo. The numerical value of g at
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the Earth’s surface is about 980 cm/s2. In honor of Galileo, the unit of acceleration of
gravity, 1 cm/s2, is called 1 galileo or Gal (Telford et al., 1990).
3.2.3 Gravity Reduction
The magnitude of the gravity depends on latitude, elevation, topography of the
surrounding terrain, earth tides, and density variations in the subsurfaces (Telford et al.,
1990). Hence, it is important to make corrections to reduce gravity reading to the
values which they would have on a datum equipotential surface.
1. Earth-tide correction
Instruments for measuring gravity are sensitive enough to record the changes in
g caused by movement the Sun and Moon. The changes in g are depended on
latitude. Their range is about 0.3 mGal. The correction can be calculated from
knowledge of the location of the Sun and Moon. However, because the variation
is smooth and relatively slow, usually the earth-tide correction is included in the
instrument.
2. Latitude correction
From world-wide geodetic measurement, the shape of the earth is known to be
very nearly a spheroid. The spheroidal surface will give the closet overall fit to
mean sea level, which is known as the reference spheroid, and its dimension is
now known. Both the rotation of the Earth and its equatorial bulge produce an
increase of gravity with latitude. The centrifugal acceleration due to the rotating
Earth is maximum at the equator and zero at the poles. It opposes the gravita-
tional acceleration, while the polar flattening increases gravity at the poles by
making the reference spheroid closer to the Earth’s center of mass. Several dif-
ferent formula have been adopted over the years to determine the International
Gravity Formulae (IGF). The IGF was then called as the latitude correction. In
1930, the IGF was accepted first internationally by using the formula:
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g0 = 9.78049(1+0.0052884sin2λ −0.0000059sin22λ ) (3.70)
where λ is geographic latitude and g0 is commonly referred to as theoretical
gravity or normal gravity. However, Equation 3.70 was found to be in error by
about 13 mGal. By the advent of satellite technology, much improved values
were obtained and finally the Geodetic Reference System 1967 provided the
1967 IGF which can be expressed:
g0 = 9.78031846(1+0.0053024sin2λ −0.0000058sin22λ ) (3.71)
Recently, International Association of Geodesy was developed the Geodetic Ref-
erence System 1980 which leading to World Geodetic System1984 (WGS84).
The WGS82 was formulated by:
g0 = 9.7803267714
(
1+0.00193185138639sin2λ
(1−0.00669437999013sin2λ )1/2
)
(3.72)
The IGF value is subtracted from observed (absolute) gravity data. It can correct
the variation of gravity with latitude.
3. Free air correction
Since gravity varies inversely with the squares of distance, it is necessary to cor-
rect for changes in elevation between station to reduce field readings to a datum
surfaces. The free air correction ignores the entire mass that lies between the sta-
tion and the datum plane. The free air correction is obtained by differentiating
the scalar equation equivalent to Equation 3.69. By dropping the minus sign, at
45o it can result:
∆gFA/∆R= 2γMe/R3e = 2g/Re = 0.3086 mGal/m (3.73)
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The free air correction is added to the field reading when the station is above the
datum plane and subtracted when below it.
4. Bouguer correction
The Bouguer correction accounts for the attraction of material between the sta-
tion and datum plane that was ignored in the free air correction. Because the
effect is positive, it opposes the free-air correction and will tend to diminish it.
The Bouguer correction is given by:
∆gB/∆R= 2piγρ = 0.04192ρ mGal/m (3.74)
where ρ is the slab density in grams per cubic centimeter. Two assumptions
were made in deriving the Bouguer correction: (1) the slab has uniform density.
Hence, it need to know the local rock type and density in the Bouguer correction
computation and (2) the slab has the infinite horizontal extent.
5. Terrain correction
The terrain correction allows for surface irregularities in the vicinity of the sta-
tion. Hills above the elevation of the gravity station exert an attraction having an
upward component on the gravimeter, whereas valleys which represent material
having downward gravitational force that has been removed. Therefore, both
types of topographic undulations affect gravity measurement in the same sense
and the terrain correction is added to the observed gravity data. The procedure of
the terrain correction is to divide the area into compartments and compare the el-
evation within each compartment with the station elevation. It can be carried out
by outlining the compartments on the transparent sheet overlying a topographic
map.
40
Principle of AMT and Gravity Methods
3.2.4 Density Estimates from Field Results
In computation of the Bouguer correction, it needs the slab density. There are
two kinds of density: (a) bulk density, and (b) grain density. The bulk density is
the volume density of rock of macroscopic size. The bulk density consists of the
dry and the wet bulk densities. The dry bulk density refers to macroscopic rock in
a completely dehydrated state, whereas the wet bulk density implies that the rock is
fully impregnated with water. The grain density is the density of the rock-forming
mineral in powder form. In this case, we estimate the bulk density (Grant and West,
1965). Actually, there are four methods which can be used to estimate the slab density
(bulk density) from the field results (Telford et al., 1990).
1. Density from underground measurement
Sometimes it is feasible to make underground gravity measurement. If reading
are taken at points directly below one another, then the difference between these
values is given by:
∆g= (0.3086−0.838ρ)∆z+ εγ mGal (3.75)
where ∆z is the elevation difference in meters, ρ is in grams per cubic centimeter,
and εγ is the difference in terrain correction. Hence, the average bulk density in
the rock is
ρ = 3.68−11.93(∆g− εγ)/∆z g/cm3 (3.76)
Equation 3.76 is solved by successive approximation since εγ depends on ρ .
2. Density from borehole gravimeter measurement
Borehole gravimeters are able to measure gravity with an accuracy of about
5 µGal (Schmoker, 1978; LaFehr, 1983). The main object of borehole grav-
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ity measurement is to determine porosity, which is directly related to density.
Terrain corrections are not necessary in borehole measurement. Differentiating
Equation 3.76, it keeps ∆z fixed and gives
4ρ = 0.0119∆(∆g/∆z) g/cm3 (3.77)
where ∆g is in µGal.
3. Nettleton’s method
The Nettleton’s method is a graphical method to estimate a near-surface density
by using a gravity profile over topography which does not correlate with density
variation (Nettleton, 1976). Field readings are reduced to Bouguer gravity pro-
files assuming different values of ρ for the Bouguer and terrain correction. The
profile that reflects the topography the least is the one with the best estimate of
the density. The incorrect density assumptions result in profiles either following
or inverting the topography. Obviously the density involved is that between the
elevations of the highest and the lowest stations. Graphically, the Nettleton’s
method is illustrated in Figure 3.3.
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Figure 3.3 The illustration how to estimate the bulk density by using the Nettleton’s
method (after Telford et al., 1990). The best density value is belonging to
the profile which have reverse pattern of the topography profile.
4. Parasnis’ method
The Parasnis’ method was developed by Parasnis (Parasnis, 1960). It is an ana-
lytical approach which somewhat similar to Nettleton’s graphical method. Rear-
ranging the formula
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gB = gobs−gt+(∆gFA−∆gB+∆gγ) (3.78)
where gB is the Bouguer anomaly, gobs is the station reading, gt is the theoretical
gravity, ∆gFA is the free air correction, ∆gB is the Bouguer correction, and ∆gγ
is the terrain correction and by using
∆gB/∆R= ∆gFA/∆R−∆gB/∆R (3.79)
where ∆R is the distance between the station and the datum in the Bouguer
correction computation. Then, it will be obtained
(gobs−gt+0.3086z)−gB = (0.0419z−∆gγ/ρ)ρ (3.80)
If we plot (gobs− gt + 0.3086z) versus (0.0419z−∆gγ/ρ) (practically, ∆gγ/ρ
can be ignored), the slope of the best-fit straight line through the original will be
ρ . Graphically, the Parasnis’ method is illustrated in Figure 3.4.
Figure 3.4 The illustration how to estimate the bulk density by using the Parasnis’
method. a is the best ρ which can be estimated by this method.
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3.3 Properties of Rocks
In this subsection, the properties of the rocks which correlates with the magne-
totelluric and gravity. They are electrical properties (resistivity and conductivity) and
density.
3.3.1 Electrical Resistivity
Of all physical properties of rocks, electrical resistivity shows the greatest varia-
tion. Water is the controlling factor of the electrical resistivity in many rocks. In most
cases a small change in the percentage of water in rocks affects the electrical resis-
tivity enormously. Generally, igneous rocks have the high electrical resistivity values,
sediment rocks have the low values and metamorphic rocks have intermediate values
(Telford et al., 1990).
In addition, the electrical resistivity values of particular rock types vary with age
and lithology, because the porosity of the rock and salinity of the contained water are
affected by both. The electrical resistivity values of some rocks are presented in Figure
3.5.
3.3.2 Density
The quantity to be determined in gravity exploration is local lateral variation in
density. The strength of the gravitational field of a body is in proportion to its density.
Density is a physical properties that change significantly from one type rock to another
one. Density data of the sedimentary, igneous and metamorphic rocks are given in
Table 3.1.
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Table 3.1 Density data of sedimentary, igneous, and metamorphic rocks (after Telford
et al., 1990).
Generally, sedimentary rocks are less dense than igneous and metamorphic rocks.
Some factors will increase or decrease the density values of the sedimentary, igneous
and metamorphic rocks (Telford et al., 1990; Grant and West, 1965).
1. Sedimentary rocks
There are two factor influences the density of sedimentary rocks: (a) composi-
tion, and (b) age and depth of burial. The wide range of sediments rock density
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is primarily due to variation in porosity. In order of increasing density, the sed-
imentary rock fall into four major groups: (a) soils and alluvial, (b) sandstone
and conglomerates, (c) shales and clays, (d) calcareous rock including limestone
and dolomites. The effects of the age and depth of sedimentary rocks burial are
usually inseparable. Sediments that remain for long periods usually consolidate
and lithify, resulting in a reduction in porosity and an increase in density.
2. Igneous rocks
The igneous rocks have four factors which influence its density: (a) composi-
tion, (b) texture, (c) mineralization, and (d) porosity and fracturing. The density
of igneous rock rises as the falls of the silica content. Therefore, we find that
a steady degradation in rock density more or less follows the acidity line. The
effect of the texture on the igneous rock density is less than 10 percent, and it
can be highly variable. Intrusive rock are heavier than lavas, even though they
have the same composition. Among the effusive rock, the density is lowered by
the presence of the amorphous material. The net contribution from the rock min-
eralization is quite small because of the low fractional concentration of mineral.
Since the igneous rocks are seldom porous, the porosity of igneous rocks give
small contribution to increase or decrease the rock density. However, the rocks
may be fractured. If the rocks have numerous fractures, even they are small frac-
tures, the presence of the fractures may give an influence to the density value.
3. Metamorphic rocks
General speaking, the density of metamorphic rocks shows a tendency to in-
crease with the degree of metamorphism, because the process tends to fill pore
spaces and recyrstallize the rock into denser forms. Therefore, the metamor-
phosed sediments, such as marble and quartize, generally are denser than the
original ock, such as limestone, shale, and sandstone. A major characteristic of
the metamorphic rock is the irregularity of their density behavior. The migration
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of certain minerals into concentrated zones may produces intense irregularity
within a distance of a few feet, and it often makes the sampling of metamorphic
rock for density to be difficult.
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Chapter 4 Audio-frequency Magnetotelluric (AMT)
Approach
In this study, audio frequency magnetotellurics (AMT) approach is applied. The
AMT is a higher-frequency magnetotelluric technique for shallower investigations.
The simple sketch of the AMT data acquisition layout is described in Figure 4.1. The
data acquisition, the data analysis, and the modeling of the AMT data will be ex-
plained in this chapter. This research was carried out around the Cimandiri fault zone,
Pelabuhan Ratu, West Java, Indonesia. Figure 4.2 shows the AMT profiles and gravity
observation sites on topography maps. The details of the AMT and the gravity data
will be shown in Chapter 4 and Chapter 5 , respectively.
Figure 4.1 A simple sketch of the AMT measurement.
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Figure 4.2 The AMT profiles and the gravity observation sites on topography maps
in the study area. (a) The AMT observation profiles. There are two lines,
namely the A-A’ and the B-B lines. The A-A’ and B-B’ lines are perpen-
dicular and parallel to the Cimandiri fault zone, respectively. (b) The map
of the gravity observation sites. The white squares indicate the gravity ob-
servation points. The black line belt indicates the location of the Cimandiri
fault zone.
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4.1 Observation
In AMT exploration, time-series data of electric and magnetic fields were col-
lected by using the MTU-5A system manufactured by Phoenix Geophysics, Ltd, during
two weeks, from July 27, 2009 to August 8, 2009. The specifications of the MTU-5A
system are given in Table 4.1. The Pb-PbCl2 electrodes and induction coils were used
to measure two horizontal components of the electric fields and three components of
the magnetic fields, respectively. The magnetometer, electrode and data acquisition
system which used in this research are given in Figure 4.3. In addition, Figure 4.4
presents some pictures of the AMT measurements in this study.
Figure 4.3 The magnetometer, electrode and data acquisition system which used in this
research.
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Figure 4.4 Some pictures of the AMT survey in this study.
The AMT sites were distributed on the A-A’ and the B-B’ profiles, which are per-
pendicular and parallel to the Cimandiri fault zone, respectively, as shown in Figure 4.2
(a). The A-A’ and B-B’ lines consist of 26 and 17 AMT observation sites, respectively.
The detailed information is given in Figure 4.5 and Table 4.2.
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Figure 4.5 The distribution of 43 AMT sites.
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Table 4.2 The location of 43 AMT sites.
Line Point Longitude (o) Latitude (o) Note
A-A’ 1 106.5565 -7.0456 x
2 106.5584 -7.0365 x
3 106.560 -7.0291 -
4 106.5612 -7.0237 -
5 106.5615 -7.0207 -
6 106.5616 -7.0181 x
7 106.5632 -7.0114 -
8 106.5640 -7.0076 x
9 106.5640 -7.0060 x
10 106.5640 -7.0028 x
11 106.564 -6.9991 -
12 106.565 -6.9976 -
13 106.5660 -6.9930 x
14 106.5660 -6.9905 x
15 106.567 -6.9886 -
16 106.5675 -6.9840 -
17 106.569 -6.9776 -
18 106.569 -6.9735 -
19 106.5715 -6.9611 -
20 106.5725 -6.9564 -
21 106.5730 -6.9543 x
22 106.5735 -6.9513 -
23 106.5750 -6.9450 -
24 106.5755 -6.9420 -
25 106.5763 -6.9390 x
26 106.5772 -6.9350 x
B-B’ 27 106.5700 -7.0090 x
28 106.5810 -7.0060 x
29 106.5836 -7.0050 x
30 106.5866 -7.0044 -
31 106.5908 -7.0025 x
32 106.5930 -7.0009 x
33 106.5965 -7.0003 x
34 106.6001 -6.9990 x
35 106.6015 -6.9987 x
36 106.6046 -6.9975 x
37 106.6083 -6.9972 x
38 106.6103 -6.9968 x
39 106.6140 -6.9951 x
40 106.6168 -6.9945 x
41 106.6203 -6.9938 -
42 106.6236 -6.9929 x
43 106.6249 -6.9916 -
Note :
x = the sites which were used in the data analysis
- = the sites which were not used in the data analysis
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4.2 Data Analysis
The AMT data analysis consists of the data pre-processing, magnetotelluric phase
tensor analysis, galvanic distortion estimation as well as the inversion modeling, and
sensitivity test analysis, as shown in Figure 4.6. The data pre-processing and magne-
totelluric phase tensor analysis will be explained in Subsections 4.2.1 and 4.2.2. The
inversion modeling of the AMT data will be given in Section 4.3.
Figure 4.6 The flowchart of the AMT data analysis.
4.2.1 Data Pre-processing
Time-series (Hx, Hy, Hz, Ex and Ey) data were collected for a few hours at each
site and then transformed to power spectra by using a Fourier Transform. All observed
data were processed as single site since we did not have any adequate remote data.
The apparent resistivity, impedance phase, and induction vector were calculated from
the AMT impedance, which were derived from the power spectra at each frequency at
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each site. Originally, we had 43 AMT sites, as listed in Table 4.2. Figure 4.5 shows
the distribution of the 43 AMT sites along the A-A’ and B-B’ profiles, respectively.
4.2.1.1 Apparent Resistivity and Impedance Phase
The AMT responses (apparent resistivity and impedance phase) of the installed
43 AMT sites are given in Figures 4.7 (a)-(e). The blue and red dots in Figure 4.7
indicate the responses of the TE and TM modes, respectively. The numbers on the
figures indicate the site number of the AMT observation in Table 4.2. Alphabets “A”
and “P” in the figures stand for apparent resistivity and phase, respectively. The error
bars in the figures indicate the standard deviation. Since we assumed that the data
which have the coherency more than 0.7 are good in quality, we just used the data
from 27 AMT sites for further analysis, as marked by x in Table 4.2. The 27 AMT
sites are presented in Figure 4.8.
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Figure 4.7 (a) The AMT responses (apparent resistivity and phase) of the AMT sites
1-9. The blue and red dots indicate the responses of the TE and TM modes,
respectively. The numbers on the figure indicate the AMT observation sites
which corresponds to Table 4.2. Alphabets “A” and “P” stand for apparent
resistivity and phase, respectively.
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Figure 4.7. (b) The AMT response (apparent resistivity and phase) of the AMT sites
10-18. The blue and red dots indicate the responses of the TE and TM modes,
respectively. The numbers on the figure indicate the AMT observation sites which
corresponds to Table 4.2. Alphabets “A” and “P” stand for apparent resistivity and
phase, respectively.
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Figure 4.7. (c) The AMT response (apparent resistivity and phase) of the AMT sites
19-27. The blue and red dots indicate the responses of the TE and TM modes,
respectively. The numbers on the figure indicate the AMT observation sites which
corresponds to Table 4.2. Alphabets “A” and “P” stand for apparent resistivity and
phase, respectively.
61
Audio-frequency Magnetotelluric (AMT) Approach
Figure 4.7. (d) The AMT response (apparent resistivity and phase) of the AMT sites
28-36. The blue and red dots indicate the responses of the TE and TM modes,
respectively. The numbers on the figure indicate the AMT observation sites which
corresponds to Table 4.2. Alphabets “A” and “P” stand for apparent resistivity and
phase, respectively.
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Figure 4.7. (e) The AMT response (apparent resistivity and phase) of the AMT sites
37-43. The blue and red dots indicate the responses of the TE and TM modes,
respectively. The numbers on the figure indicate the AMT observation sites which
corresponds to Table 4.2. Alphabets “A” and “P” stand for apparent resistivity and
phase, respectively.
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Figure 4.8 The distribution of 27 AMT sites.
4.2.1.2 Induction Vector
In data processing, the analysis of induction vector was also carried out to verify
the influence of the sea water from the Indian Ocean which locates in the western part
of the study area. Figure 4.9 shows the real part of the induction arrows for the fre-
quency range of less than 10 Hz, frequency from 10 Hz to 100 Hz, frequency between
100-1,000 Hz, and whole frequency. The real part of the induction vector arrows for
all frequency ranges has a tendency to face to the northwest direction, which is pos-
sibly related to the existence of the quaternary volcanic zone in the northwest of the
study area. The result of the induction vector arrows also indicate that there are less
influences of the Indian Ocean, which is located in the western part of the study area.
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Figure 4.9 The real part of induction vector arrows for some frequency ranges. The
arrows indicate the relative direction of the induction vector arrows. (a) fre-
quency less than 10 Hz. (b) frequency from 10 Hz to 100 Hz. (c) frequency
from 100 Hz to 1000 Hz. (d) whole frequency.
4.2.2 Magnetotelluric Phase Tensor Analysis
We adopted phase tensor analysis to estimate the dimensionality of the resistivity
structure at the study area and to determine the regional strike in the case that the
resistivity structure is 2-D (Caldwell et al., 2004).
4.2.2.1 Dimensionality of the Resistivity Structure
Figure 4.10 shows the strike angle (β ) plot of the A-A’ and B-B’ profiles for
all frequency range. The ellipses in Figure 4.10 correspond to the magnetotelluric
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phase tensor analysis which is graphically presented in Figure 3.2. The color scale in
Figure 4.10 indicate the β value which indicates the dimensionality, D. The numbers
in the figures indicate the AMT observation sites which corresponds to Table 4.2. For
idealized condition, D=1 or 2 when β = 0. Our results show that most of the β values
are distributed within±5o, which indicates that the resistivity structure can be assumed
as 1-D or 2-D.
The other view of the results of strike angle (β ) for all AMT observation sites
is given in Figure 4.11. The blue dots in Figure 4.11 (a), (b), (c), and (d) present
the mean skew angle (β ) at each AMT observation sites for frequency less than 10
Hz, frequency between 10 Hz-100 Hz, frequency from 100 Hz to 1,000 Hz and whole
frequency, respectively. The numbers in the figures indicate the AMT observation sites
which corresponds to Table 4.2. The skew angle (β ) values in Figure 4.11 also show
that that the β values are distributed in −5o ≤ β < 5o for frequency larger than 10
Hz and 20o ≤ β < 20o for frequency less than 10 Hz. Generally, the β values are
scattered in −5o ≤ β < 5o for whole frequency. Therefore, in the next analysis, it is
safe to perform the 2-D modeling for the AMT data. This result is also supported by
the result of induction vector analysis that reveal there are less influences of the sea
water to the the apparent resistivity and impedance phase values. If electric currents
induced in the sea water flow into the study area and strongly modify the apparent
resistivity and impedance phase, it causes a serious problem with 2D modeling because
the 2D assumption does not allow for the existence of the sea in the extension of strike
direction.
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Figure 4.10 The skew angle (β ) plot of all observation points for all frequency ranges.
The numbers on the figure indicate the AMT observation sites which corre-
sponds to Table 4.2. (a) The A-A’ profile. The horizontal axes indicate the
distance between the AMT observation sites along the A-A’ profile. The
vertical axes indicate the frequency (in log scale) (b) The B-B’ profile. The
horizontal axes indicate the distance between the AMT observation sites
along the B-B’ profile. The vertical axes indicate the frequency (in log
scale).
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Figure 4.11 The skew angle (β ) values of all AMT observation sites. The numbers on
the figure indicate the AMT observation sites which corresponds to Table
4.2. (a) for frequency less than 10 Hz. (b) for frequency range between 10
Hz -100 Hz. (c) for frequency from 100 Hz to 10,000 Hz. (d) for whole
frequency.
4.2.2.2 Regional Strike Estimation
In the next step, we estimated the regional strike of the study area by calculating
the major axes of the phase tensor (α−β ) in Figure 3.2. Figures 4.12 (a) and (b) show
the rose diagram of the (α−β ) value for all sites in the frequency range of ≤ 100 Hz
and > 100 Hz, respectively. The estimated values have 90o ambiguity. Strikes of N20o-
40oE and S60o-80oE are dominant for the lower frequency band. Meanwhile, strikes
of N60o-80oE and N20o-40oW are dominant for the higher frequency band. Strike
of N60o-80oE is possibly associated with the strike of the Cimandiri fault zone, the
shallower part of the study area. Strike of N20o-40oE is possibly associated with the
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deeper part of the strike of the Cimandiri fault zone. For the next analysis, we choose
N80oE as the regional strike of the study area.
Figure 4.12 The rose diagram which shows the regional strike determined by the phase
tensors for all sites. The left panel is for ≤ 100 Hz and the right panel is
for > 100 Hz.
4.3 Inversion Modeling
4.3.1 The Calculated AMT Responses and Pseudo-sections
The main purpose of this research is to examine the underground resistivity struc-
ture of the Cimandiri fault zone, therefore we focus our attention on the geological
strike of N80oE for all frequencies (TM and TE modes) of the A-A’ line. As for the B-
B’ line is parallel to strike of the Cimandiri fault, we just analyzed the original observed
data of TM modes for the B-B’ line. In this study, the transverse electric (TE) mode
impedance corresponds to electric current flowing along the regional strike, while the
transverse magnetic (TM) mode corresponds to electric currents flowing normal to the
regional strike.
Since we assumed the strike of the Cimandiri fault is N80oE, we projected the
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TE and TM mode data along the A-A’ line to N80oE. The AMT responses (apparent
resistivity and phase values) of the A-A’ and B-B’ profiles are shown in Figure 4.13
(a)-(b) and 4.14 (a)-(b), respectively. Figures 4.13 and 4.14 show the responses of
the calculated data after considering the static shift effect (shown by the red lines)
and without consideration (shown by the black broken lines) for the A-A’ and B-B’
profiles, respectively. The numbers in the figures indicate the AMT observation sites
which corresponds to Table 4.2. Alphabets “A” and “P” stand for apparent resistivity
and phase, respectively. The A-A’ profile has the results of the TM and TE modes. The
B-B’ profile gets the results of the TM modes.
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Figure 4.13 (a) The AMT responses (apparent resistivity and phase values) along the
A-A’ profiles. The numbers in the figures indicate the AMT observation
sites which corresponds to Table 4.2. The red lines and black dots show
after considering the static shift effect (shown by the red lines) and without
consideration (shown by the black broken lines), respectively. Alphabets
“A” and “P” stand for apparent resistivity and phase, respectively.
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Figure 4.13. (b) The AMT responses (apparent resistivity and phase values) along the
A-A’ profiles. The numbers in the figures indicate the AMT observation sites which
corresponds to Table 4.2. The red lines and black dots show after considering the
static shift effect (shown by the red lines) and without consideration (shown by the
black broken lines), respectively. Alphabets “A” and “P” stand for apparent resistivity
and phase, respectively.
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Figure 4.14 (a) The AMT responses (apparent resistivity and phase values) along the
B-B’ profiles. The numbers in the figures indicate the AMT observation
sites which corresponds to Table 4.2. The red lines and black dots show
after considering the static shift effect (shown by the red lines) and without
consideration (shown by the black broken lines), respectively. Alphabets
“A” and “P” stand for apparent resistivity and phase, respectively.
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Figure 4.14. (b) The AMT responses (apparent resistivity and phase values) along the
B-B’ profiles. The numbers in the figures indicate the AMT observation sites which
corresponds to Table 4.2. The red lines and black dots show after considering the
static shift effect (shown by the red lines) and without consideration (shown by the
black broken lines), respectively. Alphabets “A” and “P” stand for apparent resistivity
and phase, respectively.
The qualitative interpretation of the subsurface structure along a profile can be
obtained from pseudo-sections of apparent resistivity and phase data. Figures 4.15 and
4.16 show the pseudo-sections along the A-A’ and B-B’ profiles. (a), (b), (c), and (d)
correspond to the calculated apparent resistivity, observed apparent resistivity, calcu-
lated phase, and observed phase, respectively. The numbers on the figures indicate the
AMT observation sites which corresponds to Table 4.2.
Figures 4.15 (a) and (b) show the existence of the lower apparent resistivity zone
for higher frequency. And at distance about 4-5 km, the lower apparent resistivity zone
extends to the lower frequency. The lower apparent resistivity is possibly associated
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with the Cimandiri fault zone. The southern part of the A-A’ lines are dominated by
the lower phase values for all frequency range. Whereas, in the northern part, the
higher phase values are dominant for all frequency range. In Figure 4.16, the lower
apparent resistivity and the higher phase values are dominant for higher frequencies.
The apparent resistivity values increase with decreasing frequency. On the other hand,
the phase values decrease with decreasing frequency. Since the B-B’ line is along
the Cimandiri River, the lower apparent resistivity is also possibly associated with the
Cimandiri fault zone but homogenous along the profile.
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Figure 4.15 The calculated and observed pseudo-sections of apparent resistivity and
phase for the A-A’ line. The numbers in the figures indicate the AMT
observation sites which corresponds to Table 4.2. (a) The calculated ap-
parent resistivity. (b) The observed apparent resistivity. (c) The calculated
phase. (d) The observed phase. The white and black squares in the figures
indicate the sites.
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Figure 4.16 The calculated and observed pseudo-sections of apparent resistivity and
phase for the B-B’ line. The numbers on the figures indicate the AMT
observation sites which corresponds to Table 4.2. (a) The calculated ap-
parent resistivity. (b) The observed apparent resistivity. (c) The calculated
phase. (d) The observed phase. The white and black squares in the figures
indicate the sites.
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4.3.2 Subsurface Electrical Resistivity Modeling
The apparent resistivity and phase data for both TE and TM modes for the A-A’
line and those of TM mode for the B-B’ line are inverted code developed by Ogawa and
Uchida method (1996). The initial model for the A-A’ and B-B’ profiles is a uniform
half-space of 1000 Ωm and 500 Ωm, respectively. An error floor of 5% is applied to
the observed MT impedance for both profiles. It means data with an error less than the
prescribed error were replaced by the error floor. This ensures a uniform fit to the data
at all frequencies.
Figures 4.17 and 4.18 show the Akaike’s Bayesian Information Criterion (ABIC)
and the root mean square (RMS) misfits of the A-A’ and B-B’ profiles along the 25 it-
eration. The horizontal axes in the figures indicates the number of iteration. The stroke
green and the straight red lines in the figures indicate the ABIC values and the root
mean square (RMS) misfits. Figure 4.17 shows that starting from the 13th iteration,
the ABIC values and the RMS misfits tend to be stable and reach the smallest one at
the 24th and 25th iterations. Figure 4.18 shows that starting from the 5th iteration, the
ABIC values and the RMS misfits tend to be stable. Since the 25th iteration has the
ABIC minimum model, the model of the 25th iteration is adopted as the most plausible
models for both profiles. The RMS misfits of the 25th iteration for the A-A’ and B-B’
profiles are 1.27 and 0.88, respectively.
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Figure 4.17 The values of ABIC and RMS misfits of the A-A’ profiles along the 25 it-
erations. The horizontal axes indicates the number of iteration. The stroke
green line indicates the RMS misfits. The straight red line indicates the
ABIC value.
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Figure 4.18 The values of ABIC and RMS misfits of the B-B’ profiles along the 25 it-
erations. The horizontal axes indicates the number of iteration. The stroke
green line indicates the RMS misfits. The straight red line indicates the
ABIC value.
The subsurface electrical resistivity model down to 3 km of the A-A’ and B-B’
lines are shown in Figures 4.19 (a) and (b), respectively. The color scale in Figures
4.19 (a) and (b) represent the apparent resistivity value. The numbers in the figures
indicate the AMT observation sites which corresponds to Table 4.2.
To estimate the plausible depth of the A-A’ and B-B’ lines subsurface structure,
we also calculated the sensitivity model for both lines, as shown in Figures 4.19 (c)
and (d). The sensitivity was calculated by:
SD= log
(
ρest(max)
ρest(min)
)
(4.1)
where SD is sensitivity value (Ωm). ρest(max) and ρmin(min) are the maximum and
minimum estimated values of resistivity for each resistivity block which are calculated
from diagonal part of model co-variance (See Chapter 3.11. in Menke (1984)). This
ratio is small throughout the profiles indicating that the shallow and deep features are
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generally well resolved (Tank et al., 2005). The color scale in Figures 4.19 (c) and
(d) indicate the sensitivity values in logarithmic scale. The numbers in the figures
indicate the AMT observation sites which corresponds to Table 4.2. The sensitivity
values present the accuracy of the subsurface electrical resistivity model the A-A’ and
B-B’ lines. The results show that this ratio is small (≤ 0.5) at the surface of the A-A’
and B-B’ lines. At the deeper part of the both profiles, the sensitivity values shows the
values ≥ 0.5. The black stars and black lines in Figures 4.19 (c) and (d) indicate the
skin depth of all AMT sites along the A-A’ and B-B’ profiles which are associated with
Table 4.3. The skin depth indicates the maximum depth which can be penetrated by the
wave. These values confirm that the depth down to 3 km for the subsurface electrical
resistivity structure along the A-A’ and B-B’ profiles is still reliable even they have the
higher sensitivity values at the deeper part.
Since the A-A’ profile is perpendicular to the Cimandiri fault zone, it is important
to identify the subsurface electrical resistivity structure of the Cimandiri fault zone in
the further analysis. Therefore, the subsurface electrical resistivity model of the A-A’
profile from near surface to the depth of 2 km is also presented in this chapter. Figure
4.20 presents the subsurface electrical resistivity model of the A-A’ profile from near
the surface to the depth of 2 km. The color scale in the figures represent the apparent
resistivity value. The numbers in the figures indicate the AMT observation sites which
corresponds to Table 4.2. Alphabets “A”, “B”, and “C” in the figures indicate the
relative resistive zones and alphabets “D” indicates the absolute resistive zone from
the surface to the depth of 3 km. Alphabets “E” in the figures indicate the absolute
resistive zone at the depth of 1-3 km. From the depth of 1 km to the deeper depth,
the models also show there is conductive zone as boundary between the southern and
northern part of the resistive zones.
Figure 4.20 (a) shows the relative conductive-resistive boundaries near surface
below the 6th, 8th, 10th, and 13th stations. In addition, the position of the 6th station
coincides with the location of the Cimandiri fault zone, whereas, the posistion of the
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10th and 13th stations near the location of the cliff in the field which are formed as
erosion landforms due to the processes of erosion and weathering.
Generally, the following characteristics are found from the subsurface electrical
resistivity structure for the A-A’ profile:
1. There are conductive zones (C1, C2; 1-100 Ωm) from the surface to 1 km deep
along the A-A’ line. There are also some very conductive spots (1-5 Ωm) near
the surface. Since there is no any observation point between the observation
point of the 14th and 20th, the resistive body between the 14th and 20th obser-
vation points which is indicated by the black line can be ignored.
2. Both the sides of the A-A’ line, there are resistive zones (R1, R2; ≥ 1,000 Ωm).
Locations of R1 and R2 are beneath the depth of 1-3 km.
3. There is a boundary (FZ; 50-750 Ωm) between R1 and R2. The Cimandiri River
locates over this boundary.
As for the B-B’ line, the followings are found:
1. A conductive zone (C1; 1-100 Ωm) from the surface until the depth of 1 km
along the B-B’ line. There are also some very conductive spots (C2; 1-5 Ωm)
near the surface. This conductive zone extends to the deeper part below the 33th
to the 36th stations.
2. A resistive zone (R3; > 1,000 Ωm) at beneath between 1-3 km in the northern
and southern part of study area.
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Table 4.3 Skin depth of all AMT sites
Profile Point Freq. (Hz) App. Res. (Ωm) Skin depth (m)
AA’ 1 2.03 6.79 919.93
2 2.03 472 7669.92
6 2.81 138 3524.96
8 1.17 36 2790.14
9 2.03 17.9 1493.64
10 2.03 139 4162.24
13 40.00 13 286.75
14 9.40 22.1 771.26
20 159.00 376 773.51
21 9.40 1270 5846.63
22 194.00 37.7 221.74
25 2.81 10.6 976.94
26 2.81 6.25 750.16
BB’ 27 1.02 6.24 1244.11
28 1.02 45.7 3366.87
30 4.10 28.8 1333.13
31 1.02 18.7 2153.72
32 1.02 71.7 4217.23
33 1.02 26.9 2583.12
34 1.72 17.8 1618.13
35 1.02 13.7 1843.44
36 1.02 26 2539.54
37 1.02 54.1 3663.25
38 1.02 59 3825.55
39 1.02 39.1 3114.27
40 2.81 103 3045.32
42 16.20 5.88 303.04
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Figure 4.20 The subsurface electrical resistivity model of the A-A’ profile from near
surface to the depth of 2 km. Alphabets “A”, “B”, and “C” in the figures
indicate the relative resistive zones and alphabets “D” indicates the abso-
lute resistive zone from the surface to the depth of 3 km. Alphabets “E” in
the figures indicate the absolute resistive zone at the depth of 1-3 km. The
numbers on the figures indicate the AMT observation sites which corre-
sponds to Table 4.2. The color scales in the figures represent the apparent
resistivity. (a) The model of the 0.25 km deep. (b) The model of the 0.5
km deep. (continued)
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Figure 4.20 (continued) (c) The model of the 1 km deep. (d) The model of the 2 km
deep.
The bird-eye view of the subsurface electrical resistivity map for the A-A’ and the
B-B’ lines is presented in Figure 4.21. The numbers in the figures indicate the AMT
observation sites which corresponds to Table 4.2. Figure 4.21 shows the study area is
dominated by the conductive (1-100 Ωm) and very conductive (1-5 Ωm) zones at the
surface along the A-A’ and B-B’ profiles. The location of the Cimandiri River is at the
intersection of the A-A’ and B-B’ lines. Starting the depth of 1 km, the study area is
dominated by the resistive zone along the A-A’ and B-B’ profiles.
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4.4 Summary
The data observation, the data analysis, and the inversion modeling of the AMT
data around the Cimandiri fault zone, Pelabuhan Ratu, West Java are presented in this
chapter. In data analysis, the data preprocessing was firstly applied. In data preprocess-
ing, the apparent resistivity, impedance phase, and induction vector were calculated.
Originally, we had 43 AMT sites. Since we assumed that the data which have the co-
herency more than 0.7 are good in quality, we just used the data from the 27 AMT sites
for further analysis. In the next, the induction vector was analyzed. The induction vec-
tor direction is to northern part of the study area. It can be assumed that there are less
influences of the Indian Ocean, which is located in the western part of the study area.
Secondly, the analysis of magnetotelluric phase tensor was applied. In this step, we
estimated the dimensionality of the regional structure and regional strike of the study
area. The results showed that generally the β values are scattered in −5o ≤ β < 5o
for whole frequency. It can be assumed that the dimensionality of regional structure of
the study area is 2-D. The results also presented that strike of N60o- 80oE is possibly
related to the strike of the Cimandiri fault zone. The N80oE direction was chosen as
the regional strike of the study area. All frequencies (TM and TE modes) of the A-A’
line were projected to N80oE since the A-A’ line is perpendicular to the strike of the
Cimandiri fault zone. As for the B-B’ line is parallel to strike of the Cimandiri fault,
we just analyzed the original observed data of TM modes for the B-B’ line. Finally,
the results of inversion modeling by using the code developed by Ogawa and Uchida
(1997) are presented. This code also considered the static shift effect. The subsurface
electrical resistivity maps of the Cimandiri fault zone are characterized by:
1. The A-A’ line shows:
a) There are conductive zones (C1, C2; 1-100 Ωm) from the surface to 1 km
deep along the A-A’ line. There are also some very conductive spots (1-5
Ωm) near the surface.
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b) Both the sides of the A-A’ line, there are resistive zones (R1, R2; ≥ 1,000
Ωm). Locations of R1 and R2 are beneath the depth of 1-3 km.
c) There is a boundary (500-750 Ωm) between R1 and R2. The Cimandiri
River locates over this boundary.
2. The B-B’ line shows:
a) A conductive zone (C1; 1-100 Ωm) from the surface until the depth of 1
km along the B-B’ line. There are also some very conductive spots (C2;
1-5 Ωm) near the surface.
b) A resistive zone (R3; > 1,000 Ωm) at beneath between 1-3 km in the north-
ern and southern part of study area.
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Chapter 5 Gravity Approach
The data acquisition, the data analysis, and the modeling of the gravity data will
be presented in this chapter.
5.1 Observation
This research was carried out along the Cimandiri fault zone, West Java, Indone-
sia, as shown in Figure 4.2 (b). There are 42 gravity observation sites by using gravime-
ter CG-5 produced by Scintrex Autograv with the precision of 1 µGal, as shown in
Figure 5.1. The numbers in the figure indicate the gravity observation sites. The grav-
ity data were supplied by Indonesian Meteorological Climatological and Geophysical
(BMKG).
5.2 Data Analysis
The analysis of the gravity data consists of gravity reduction, regional and residual
separation, and forward modeling, as shown in Figure 5.2. The gravity reduction will
be explained in Subsection 5.2.1. The analysis of the regional and residual anomaly
separation will be presented in Subsection 5.2.2. Finally, the forward modeling of the
gravity data will be given in Section 5.3.
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Figure 5.2 The flowchart of the gravity data analysis.
5.2.1 Gravity Reduction
All necessary corrections in the gravity reduction such as tidal, instrument drift,
latitude, free-air, Bouguer, and topographical corrections has been applied to the mea-
sured gravity data in order to obtain complete Bouguer data by using the formula which
was explained in Subsection 5.2.1 (e.g. Telford et al., 1990; Grant and West, 1965).
Free air and Bouguer corrections were calculated using the International Association
of Geodesy 1967 formula. The average density of 1.9 g/cm3 was calculated by the
Parasnis method which explained in Subsection 3.2.4 (Parasnis, 1960). The result is
1.9 g/cm3. Topographic corrections were calculated using the Hammer method over
the topographic DEM map which has a maximal image with a raster resolution of 90
m (Hammer, 1939).
Table 5.1 presents the position, the measured gravity data as well as the results
of some corrections in gravity data computation (free air correction (FAC), Bouguer
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correction (BC) and terrain correction (TC)) for all gravity sites. The gravity data
and earthquake catalog were observed by Indonesian Geophysical, Meteorological,
Climatological Agency (BMKG).
Table 5.1 The position and some reduction values of all gravity observation points
Point Longitude (o) Latitude (o) Elevation (m) Gobs(mGal) Glatitude (mGal) FAC (mGal) BC (mGal) TC (mGal) CBA (mGal)
1 106.370 -6.930 331.013 978193.196 978107.878 -102.151 26.809 31.496 192.156
2 106.622 -6.909 420.624 978122.350 978107.424 -129.805 34.066 32.607 143.272
3 107.100 -6.873 530.352 978062.179 978106.643 -163.667 42.953 48.287 124.537
4 107.141 -6.952 537.362 978084.194 978108.343 -165.830 43.521 57.397 155.557
5 107.143 -7.013 1006.754 977994.959 978109.668 -310.684 81.536 87.637 202.076
6 106.462 -6.955 5.791 978232.925 978108.420 -1.787 0.469 4.948 130.771
7 106.780 -6.923 297.790 978153.985 978107.731 -91.898 24.118 39.049 153.083
8 106.752 -6.844 455.676 978107.672 978106.036 -140.622 36.905 46.138 151.491
9 106.707 -6.863 523.951 978096.798 978106.425 -161.691 42.435 51.588 161.218
10 106.529 -6.976 3.658 978231.575 978108.866 -1.129 0.296 4.810 128.352
11 107.121 -6.938 459.638 978097.900 978108.033 -141.844 37.226 52.904 147.389
12 106.791 -6.895 404.165 978131.917 978107.107 -124.725 32.733 41.722 158.525
13 106.395 -6.968 21.336 978249.250 978108.690 -6.584 1.728 3.351 148.767
14 106.781 -6.783 493.166 978070.078 978104.720 -152.191 39.941 51.800 129.408
15 106.794 -6.964 398.374 978146.416 978108.610 -122.938 32.264 37.388 165.868
16 107.156 -6.807 404.774 978071.434 978105.239 -124.913 32.782 44.353 102.679
17 107.066 -6.851 705.917 978029.453 978106.178 -217.846 57.172 62.297 146.246
18 106.591 -7.098 717.499 978156.525 978111.530 -221.420 58.110 55.108 263.413
19 106.560 -7.031 38.405 978255.771 978110.057 -11.852 3.110 3.254 157.709
20 106.879 -7.108 534.924 978121.640 978111.762 -165.078 43.323 53.352 184.985
21 106.470 -6.916 299.618 978173.667 978107.559 -92.462 24.266 25.953 160.258
22 106.695 -6.909 628.802 978081.801 978107.422 -194.048 50.926 53.752 171.254
23 106.883 -7.219 374.5992 978193.768 978114.227 -115.601 30.339 42.752 207.555
24 107.131 -7.098 878.129 978026.020 978111.537 -270.991 71.119 84.435 198.789
25 106.529 -7.071 33.223 978291.239 978110.944 -10.253 2.691 13.338 201.195
26 107.609 -6.888 781.507 977968.499 978106.969 -241.173 64.211 78.426 116.918
27 107.651 -6.857 995.782 977926.328 978106.305 -307.298 81.817 93.777 139.281
28 107.633 -6.868 828.142 977962.381 978106.533 -255.564 68.043 82.897 126.267
29 107.678 -6.860 1150.620 977894.224 978106.364 -355.081 94.539 100.890 149.294
30 107.594 -6.869 906.475 977938.856 978106.552 -279.738 74.479 84.683 122.246
31 107.618 -6.827 1257.605 977866.963 978105.653 -388.097 103.329 102.920 148.998
32 107.616 -6.814 1246.632 977871.378 978105.389 -384.711 102.427 108.610 156.882
33 107.687 -6.825 1259.738 977877.934 978105.622 -388.755 103.504 115.540 173.103
34 107.655 -6.831 1103.681 977907.898 978105.742 -340.596 90.682 105.850 157.920
35 107.626 -7.009 680.618 978010.895 978109.577 -210.039 55.922 70.161 125.595
36 107.528 -7.022 717.804 978006.563 978109.867 -221.514 58.977 76.540 135.774
37 107.520 -6.831 920.496 977933.268 978105.757 -284.065 75.631 86.716 122.661
38 107.536 -6.799 1151.000 977883.778 978105.063 -355.199 94.570 105.850 145.194
39 107.564 -6.809 1242.060 977865.524 978105.279 -383.300 102.052 108.740 150.233
40 107.567 -6.837 1023.823 977908.610 978105.886 -315.952 84.121 94.185 128.741
41 107.666 -6.841 1302.410 977860.739 978105.961 -401.924 107.010 105.000 154.691
42 107.617 -6.825 1297.534 977856.000 978105.627 -400.419 106.610 100.360 144.542
Note :
FAC = Free air correction
BC = Bouguer correction
TC = Terrain Correction
CBA = Complete Bouguer Anomaly
The complete Bouguer gravity anomaly map from the observed data in the study
region is shown in Figure 5.3 (a). This complete Bouguer anomaly map was drawn
by using the gridding method of Kriging in Surfer 11 (See Appendix 7.2). The input
parameters to draw the complete Bouguer anomaly map are latitude, longitude, and
the complete Bouguer anomaly which are listed in Table 5.1. The grid spacing 1460
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m was automatically applied by Surfer 11. The red squares in the figure indicate the
gravity observation sites which corresponds to Table 5.1.
To compare the regional gravity characteristic for the complete Bouguer anomaly
in the study region, the WGM2012 (Balmino et al., 2012) model also is presented
in Figure 5.3 (b). From these figures, it is found that the complete Bouguer gravity
anomalies vary from 90 to 270 mGal, meanwhile, the complete Bouguer anomalies
of the WGM2012 model vary between 100 and 400 mGal. Both present the similar
tendency that the Bouguer gravity anomalies generally decrease toward the Bandung-
Cimandiri zone and the highest anomaly values remain at the southern mountains.
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Figure 5.3 The complete Bouguer gravity anomalies map of the observed data map. (a)
The observed data. The red squares indicate the gravity observation sites.
(b) The complete Bouguer gravity anomalies map of the WGM2012 model
Balmino et al. (2012).
5.2.2 Regional and Residual Anomaly Separation
The Bouguer anomaly contains contributions from a regional trend resulting from
the presence of deep and large structures. The effects of these structures in the gravity
field appear as large wavelengths anomalies, which mask the effect of smaller and
more superficial ones. In order to highlight the gravity anomalies associated with the
sources of interest for this work, a regional-residual separation of the Bouguer anomaly
should be investigated. There are several methods to do so, from the more empirical
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to the more analytical ones ( see e.g. Telford et al., 1990; Grant and West, 1965). The
moving average method was applied to separate the deep and shallow effects from the
complete Bouguer anomaly map in Figure 5.3 (a). In this computing, 18 km x 18 km
window was used.
Figure 5.4 The regional and residual gravity anomalies maps from the observed data.
(a) The regional gravity anomaly. (b) The residual gravity anomaly. The
belt zone which drawn by the black lines indicate the fault zone.
The maps of regional and residual anomaly are given in Figures 5.4 (a) and (b), re-
spectively. The residual anomalies were obtained by subtracting the complete Bouguer
anomalies to the regional anomalies. The belt zone which drawn by the black lines in-
dicate the fault zone. The values of regional anomaly vary from 90 to 270 mGal. The
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residual gravity anomalies vary between –24 until 40 mGal, as presented in Figure 5.4
(b). The map shows some well-defined structures as follows:
1. The positive residual gravity value related to some mountains zone in the study
area such as Mt. Halimun, Mt. Pangrango, Mt. Talaga, Mt. Kendeng, and Mt.
Tangkuban Perahu.
2. The negative residual gravity value related to Pelabuhan Ratu area, Sukabumi
area Cirata Dam and Bandung area.
3. There seems to be a correlation between the Cimandiri fault zone and the bound-
ary of the positive and negative gravity residual.
5.3 Forward Modeling
To compare with the subsurface electrical resistivity structure of the AMT survey,
the D-D’ line is drawn on the residual gravity anomaly map, as shown in Figure 5.5.
The location of this profile is the almost same as that of the A-A’ line. The D-D’ line
is 4 km longer to south comparing to the AMT profile. Based on the residual grav-
ity anomaly values, the forward gravity modeling was performed using the Grav2DC
profile modeling software (Talwani et al., 1959).
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Figure 5.5 The residual gravity anomaly map for the D-D’ profile. The A-A’ line for
AMT is also shown.
Figure 5.6 indicates the residual gravity anomaly and underground density model
along the D-D’ profile. The black stars and a solid curve in the upper panel show
the observed anomaly and the calculated anomaly from the model of the lower panel,
respectively. The observed anomaly shows that there is a strong positive anomaly in
the southern part of the profile and a negative anomaly in the central part of the profile.
The position of the largest negative anomaly agrees with the that of the Cimandiri
River. Taking account of the geological information near the profile, we make up the
adequate density models with blocks of alluvial (density = 1.7 g/cm3), recent volcanic
products (density = 1.7-1.8 g/cm3), low porosity sediments (density = 2.0-2.3 g/cm3),
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and igneous rocks (density = 2.7 g/cm3). Generally, the subsurface density structures
of the Cimandiri fault zone along the D-D’ profile are characterized by:
1. The lower density zone (density = 1.7 g/cm3) is from the surface until the depth
of about 1 km along the profile.
2. The lower density zone (density = 1.8 g/cm3) is from the surface until the depth
of about 1 km in the northern part of the profile.
3. The middle range density zone (density = 2.3 g/cm3) is between the depth of
from about 0.2 km to 3 km in the southern part of the profile.
4. The higher range density zone (density = 2.7 g/cm3) is between the depth of
from surface to the depth of 3 km in the southern part of the profile.
5. The middle range density zone (density = 2.0 g/cm3) is between the depth of
from about 0.5 km to 3 km in the northern part of the profile.
6. The boundary between the middle range density zones (density = 1.7 g/cm3)
is about 3 km wide horizontally. This boundary coincides with the downward
projection of the Cimandiri River.
5.4 Summary
The data observation, the data analysis, and the forward modeling of the grav-
ity data are presented in this chapter. The gravity data were supplied by BMKG. The
gravity data reduction and the regional-residual separation analysis were applied. The
complete Bouguer gravity anomaly map presents that the Bouguer gravity anomalies
generally decrease toward the Bandung-Cimandiri zone and the highest anomaly val-
ues remain at the southern mountains. The residual gravity anomaly map shows :
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1. The positive residual gravity value related to some mountains zone in the study
area such as Mt. Halimun, Mt. Pangrango, Mt. Talaga, Mt. Kendeng, and Mt.
Tangkuban Perahu.
2. The negative residual gravity value related to Pelabuhan Ratu area, Sukabumi
area Cirata Dam, and Bandung area.
3. There seems to be a correlation between the Cimandiri fault zone and the bound-
ary of the positive and negative gravity residual.
Finally, the forward modeling was applied along the D-D’ line, which is 4 km longer to
south comparing to the A-A’ AMT profile. Taking account of the geological informa-
tion near the profile, it is possible to interpret the subsurface density structure along the
D-D’. Generally, the subsurface density structures of the Cimandiri fault zone along
the D-D’ profile are characterized by:
1. The lower density zone (density = 1.7 g/cm3) is from the surface until the depth
of about 1 km along the profile.
2. The lower density zone (density = 1.8 g/cm3) is from the surface until the depth
of about 1 km in the northern part of the profile.
3. The middle range density zone (density = 2.3 g/cm3) is between the depth from
about 0.2 km to 3 km in the southern part of the profile.
4. The higher range density zone (density = 2.7 g/cm3) is between the depth from
surface to the depth of 3 km in the southern part of the profile.
5. The middle range density zone (density = 2.0 g/cm3) is between the depth from
about 0.5 km to 3 km in the northern part of the profile.
6. The boundary between the middle density zones (density = 1.7 g/cm3) is about
3 km wide horizontally. This boundary coincides with the downward projection
of the Cimandiri River.
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Chapter 6 Discussion
The interpreted subsurface structure of the electrical resistivity and density mod-
els, comparison between both models, and the seismicity around the Cimandiri fault
zone will be discussed in this chapter.
6.1 Interpreted Subsurface Structure of the Electrical
Resistivity and Density Models
6.1.1 Interpreted Subsurface Structure of the Electrical Resistivity
Model
6.1.1.1 At the Deeper Depth
The previous studies of the fault investigation by using the AMT method have
suggested that the majority of fault zones is associated with resistor-conductor bound-
aries (Honkura et al., 2000; Oshiman, 2002; Tank et al., 2003, 2005; Kaya et al., 2009,
2013). Since the A-A’ profile is perpendicular to the Cimandiri fault zone, we focus
on this profile to investigate the subsurface structure of the fault zone.
Figure 4.19 (c) shows the sensitivity values of the subsurface electrical resistivity
model along the A-A’ profile are higher than 0.5 at the deeper part even the calculation
of the skin depth each AMT sites present that it is still reliable the subsurface electrical
resistivity model along the A-A’ profile has the depth down to 3 km. The R1, R2,
and FZ zones from the depth of 1-3 km, as presented in Figure 4.19 (a), are important
structures for the Cimandiri fault zone. Therefore, to validate the R1, R2, and FZ
zones, it is needed to examine the FZ, R1, and R2 zones at the depth of 1-3 km by
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using the forward modeling.
1. FZ
The forward modeling to examine the FZ is calculated by replacing the resistivity
of the FZ with that of 10,000 Ωm and 100,000 Ωm at the depth of 1-3 km, as
presented in Figures 6.1 (a) and (b). This forward modeling is applied at the 6th
station. Figures 6.2 (a) and (b) present the forward modeling responses of the
apparent resistivity and impedance phase at the 6th station after replacing the
resistivity of the FZ with that of 10,000 Ωm and 100,000 Ωm at the depth of
1-3 km, respectively. The red straight lines and broken blue lines in the figures
indicate the best-fit model from the inversion modeling and the responses of the
forward modeling, respectively. Alphabets “A and P” in the figures stand for
apparent resistivity and phase, respectively. The numbers in the figures indicate
the AMT observation sites which corresponds to Table 4.2. The figures show
that the calculated responses of the TE and TM modes of the 6th below 10 Hz
are different from the best-fit model. The clear differences are especially shown
in the response of the impedance phase of the TM mode and TE mode after
replacing the resistivity of the FZ with that of 10,000 Ωm and 100,000 Ωm,
respectively. These results confirm that the FZ the depth of 1-3 km must be the
conductive zone.
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Figure 6.1 The resistivity value of the FZ zone is replaced by the some resistivity val-
ues as the input model for the forward modeling. (a) The resistivity value
of the FZ zone is replaced by that of 10,000 Ωm. (b) The resistivity value
of the FZ zone is replaced by that of 100,000 Ωm.
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Figure 6.2 The forward modeling responses of the apparent resistivity and impedance
phase at the 6th station. The red straight lines and stroke blue lines in the
figures indicate the best-fit model from the inversion modeling and the re-
sponses of the forward modeling, respectively. Alphabets “A” and “P” in the
figures stand for apparent resistivity and and phase, respectively. The num-
bers in the figures indicate the AMT observation site which corresponds to
Table 4.2. (a) The forward modeling responses after replacing the resis-
tivity of the FZ with that of 10,000 Ωm at the depth of 1-3 km. (b) The
forward modeling responses after replacing the resistivity of the FZ with
that of 100,000 Ωm at the depth of 1-3 km.
2. R1 zone
The forward modeling to examine the R1 zone is calculated by replacing the
resistivity of the R1 zone with that of 100 Ωm and 10 Ωm at the depth of 1-3
km, as presented in Figures 6.3 (a) and (b). This forward modeling is applied at
the 1st and 2nd stations. Figures 6.4 (a) and (b) present the forward modeling
responses of the apparent resistivity and impedance phase at the 1st station after
replacing the resistivity of the R1 zone with that of 100 Ωm and 10 Ωm at
the depth of 1-3 km, respectively. Figures 6.4 (c) and (d) present the forward
modeling responses of the apparent resistivity and impedance phase at the 2nd
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station after replacing the resistivity of the R1 zone with that of 100 Ωm and
10 Ωm at the depth of 1-3 km, respectively. The red straight lines and broken
blue lines in the figures indicate the best-fit model from the inversion modeling
and the responses of the forward modeling, respectively. Alphabets “A and P”
in the figures stand for apparent resistivity and phase, respectively. The numbers
in the figures indicate the AMT observation sites which corresponds to Table
4.2. The figures show that the calculated responses of the TE and TM modes
of the 1st and 2nd stations below 100 Hz are different from the best-fit model.
The clear differences are shown in the response of the impedance phase of the
TM mode after replacing the resistivity of the R1 zone with that of 100 Ωm
and the response of the apparent resistivity and impedance phase of TE mode
after replacing the resistivity of the R1 zone with that of 10 Ωm. These results
confirm that the R1 zone at the depth of 1-3 km must be the resistive zone.
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Figure 6.3 The resistivity value of the R1 zone is replaced by the some resistivity val-
ues as the input model for the forward modeling. (a) The resistivity value
of the R1 zone is replaced by that of 100 Ωm. (b) The resistivity value of
the R1 zone is replaced by that of 10 Ωm.
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Figure 6.4 The forward modeling responses of the apparent resistivity and impedance
phase at the 1st and 2nd stations. The red straight lines and stroke blue lines
in the figures indicate the best-fit model from the inversion modeling and
the responses of the forward modeling, respectively. Alphabets “A” and “P”
in the figures stand for apparent resistivity and and phase, respectively. The
numbers in the figures indicate the AMT observation site which corresponds
to Table 4.2. (a) The forward modeling responses of the 1st station after
replacing the resistivity of the R1 zone with that of 100 Ωm at the depth
of 1-3 km. (b) The forward modeling responses of the 1st station after
replacing the resistivity of the R1 zone with that of 10 Ωm at the depth
of 1-3 km. (c) The forward modeling responses of the 2nd station after
replacing the resistivity of the R1 zone with that of 100 Ωm at the depth
of 1-3 km. (b) The forward modeling responses of the 2nd station after
replacing the resistivity of the R1 zone with that of 10 Ωm at the depth of
1-3 km.
3. R2 zone
The forward modeling to examine the R2 zone is calculated by replacing the
resistivity of the R2 zone with that of 10 Ωm and 100 Ωm at the depth of 1-3
km, as presented in Figures 6.5 (a) and (b). This forward modeling is applied
at the 8th, 9th, 10th, 13th, and 14th stations. Figure 6.6 presents the forward
modeling responses of the apparent resistivity and impedance phase at the 8th,
9th, 10th, 13th, and 14th stations after replacing the resistivity of the R2 zone
108
Discussions
with that of 100 Ωm at the depth of 1-3 km. Figure 6.7 presents the forward
modeling responses of the apparent resistivity and impedance phase at the 8th,
9th, 10th, 13th, and 14th stations after replacing the resistivity of the R2 zone
with that of 10 Ωm at the depth of 1-3 km. The red straight lines and broken
blue lines in the figures indicate the best-fit model from the inversion modeling
and the responses of the forward modeling, respectively. Alphabets “A and P” in
the figures stand for apparent resistivity and phase, respectively. The numbers in
the figures indicate the AMT observation sites which corresponds to Table 4.2.
Figures 6.6 shows that the calculated responses of the TE and TM modes of the
8th, 9th, 10th, 13th, and 14th stations after replacing the resistivity of the R2
zone with that of 100 Ωm are mostly same from the best-fit model. However,
the clear differences are shown in the response of the apparent resistivity and
impedance phase of TE mode after replacing the resistivity of the R2 zone with
that of 10 Ωm, as presented in Figure 6.7. These results confirm that the R2 zone
at the depth of 1-3 km must be the resistive zone.
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Figure 6.5 The resistivity value of the R2 zone is replaced by the some resistivity val-
ues as the input model for the forward modeling. (a) The resistivity value
of the R2 zone is replaced by that of 100 Ωm. (b) The resistivity value of
the R2 zone is replaced by that of 10 Ωm.
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Figure 6.6 The forward modeling responses of the apparent resistivity and impedance
phase at the 8th, 9th, 10th, 13th, and 14th stations after replacing the resis-
tivity of the R2 zone with that of 100 Ωm at the depth of 1-3 km. The red
straight lines and stroke blue lines in the figures indicate the best-fit model
from the inversion modeling and the responses of the forward modeling,
respectively. Alphabets “A” and “P” in the figures stand for apparent resis-
tivity and and phase, respectively. The numbers in the figures indicate the
AMT observation site which corresponds to Table 4.2.
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Figure 6.7 The forward modeling responses of the apparent resistivity and impedance
phase at the 8th, 9th, 10th, 13th, and 14th stations after replacing the resis-
tivity of the R2 zone with that of 10 Ωm at the depth of 1-3 km. The red
straight lines and stroke blue lines in the figures indicate the best-fit model
from the inversion modeling and the responses of the forward modeling,
respectively. Alphabets “A” and “P” in the figures stand for apparent resis-
tivity and and phase, respectively. The numbers in the figures indicate the
AMT observation site which corresponds to Table 4.2.
6.1.1.2 Near the Surface
The calculation of the skin depth and the sensitivity analysis present that the sub-
surface electrical resistivity model along the A-A’ profile near surface is well resolved,
whereas, Figure 4.19 (a) presents that the subsurface electrical resistivity model down
to 3 km deep has the ambiguity of the resistor-conductor boundaries near the surface.
Therefore, it is a little difficult to draw them near the surface along the A-A’ profile.
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To identify more detail the resistor-conductor boundaries near the surface, it is
tried to present the subsurface electrical resistivity structure along the A-A’ profile
by using some models which have the depth of 3 km, 2 km, 1 km and 0.5 km, as
presented in Figure 6.8. The Alphabets “A”, “B”, and “C” in the figures indicate the
relative resistive zones near the surface. Alphabets “D” indicates the absolute resistive
zone from the surface to the depth of 3 km. Alphabets “E” in the figures indicate
the absolute resistive zone at the depth of 1-3 km. The blue, red, white, pink, yellow,
orange, green, and black lines indicate the resistor-conductor boundaries. The numbers
in the figures indicate the AMT observation sites which corresponds to Table 4.2.
Since the presence of the two resistive zones and the boundary between them (FZ
zone) at the depth of 1-3 km has been confirmed by the forward modeling, as presented
in Subsection 6.1.1.1, it is clear to determine the resistor-conductor boundary at the
depth of 1-3 km, as presented by the solid black, white, and yellow lines in Figures 6.8
(a), (b), (c), and (d). The resistor-conductor boundaries near the surface are confirmed
by Figures 6.8 (c) and (d) clearly. The figures present there are some possibilities of
the resistor-conductor boundaries, as represented by the blue, red, white, pink, yellow,
orange, and green lines in the figures. The blue, red, white, pink, yellow, orange,
and green lines are drawn by the broken lines because they are the resistor-conductor
boundaries between the relative resistive zones near the surface. The resistor-conductor
boundary which represented by the black lines is just up to the depth of 1 km. The
resistor-conductor boundaries which represented by the white, yellow, and green lines
are consistent up to the depth of 0.5 km.
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Figure 6.8 The subsurface electrical resistivity structure along the A-A’ profile by us-
ing some different depth models. Alphabets “A”, “B” and “C” in the fig-
ures indicate the relative resistive zones and alphabets “D” indicates the
absolute resistive zone from the surface to the depth of 3 km. Alphabets
“E” in the figures indicate the absolute resistive zone at the depth of 1-3
km. The black, white, yellow, blue, red, black, pink, and orange lines indi-
cate the resistor-conductor boundaries. The numbers in the figures indicate
the AMT observation sites which corresponds to Table 4.2. (a) The model
which has the depth of 3 km. (b) The model which has the depth of 2 km.
(continued)
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Figure 6.8 (continued) (c) The model which has the depth of 1 km. (d) The model
which has the depth of 0.5 km.
Figure 6.8 confirms that there are two models of the interpreted subsurface electri-
cal resistivity structure along the A-A’ profile, as presented in Figures 6.9. The C1 and
C2 in the figures indicate the conductive zones. The R1 and R2 in the figures indicate
the resistive zones. The FZ in the figures indicate the conductive zone between the R1
and R2 zones. The numbers in the figures indicate the AMT observation sites which
corresponds to Table 4.2. The red lines indicate the resistor-conductor boundaries be-
tween near surface and deeper depth. The broken blue and purple lines in Figures 6.9
(a) and (b) indicate the boundaries between the FZ and the conductive zones (C1 and
C2 zones) near the surface. The solid blue and purple lines in Figures 6.9 (a) and (b)
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indicate the boundaries between the FZ and the resistive zones (R1 and R2 zones) at
the deeper depth. Figure 6.9 (a) presents the first possibility of the FZ zone is a graben.
The graben is produced from parallel normal faults, where the hanging wall is down-
thrown and the footwall is up-thrown. The faults typically dip toward the center of
the graben from both sides. The second one, the FZ zone is south-dipping conductive
zone, as presented in Figure 6.9 (b). Theoretically, the second one is produced by the
thrust fault as the result of compressional forces, where the uplift block is the southern
part and the down-dropped block is the northern part.
The FZ zone in Figure 6.9 is extended to the deeper part down to 3 km and co-
incides with the downward projection of the Cimandiri River. This zone also seem to
collocate with the Cimandiri fault zone as the location of the Cimandiri fault zone is
along the Cimandiri River. Generally, the following characteristics are found for the
subsurface electrical resistivity structure along the A-A’ line:
1. The C1 zone (ρ = 1-100 Ωm) is from the surface until the depth of 1 km in the
southern part of the study area.
2. The C2 zone (ρ = 1-100 Ωm) is from the surface until the depth of 1 km in the
northern part of the study area.
3. The R1 zone (ρ ≥1,000 Ωm) is between the depth of 1-3 km in the southern part
of the study area.
4. The R2 zone (ρ ≥1,000 Ωm) is between the depth of 1-3 km in the northern part
of the study area.
5. The FZ zone (ρ = 50-750 Ωm) is a boundary between the R1 and R2 zones.
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Figure 6.9 The possible interpreted subsurface electrical resistivity structure along the
A-A’ profile. The C1 and C2 in the figures indicate the conductive zones.
The R1 and R2 in the figures indicate the resistive zone. The FZ in the fig-
ures indicate the conductive zone between the two resistive zones. The num-
bers in the figures indicate the AMT observation sites which corresponds to
Table 4.2. The red lines indicate the resistor-conductor boundaries between
near surface and deeper depth. (a) The FZ zone is presented as the graben.
(b) The FZ zone is presented as the south-dipping conductive zone.
6.1.2 Interpreted Subsurface Structure of the Density Model
Taking into account of the possible main subsurface electrical resistivity structure
interpretations of the fault zone as presented in Figures 6.9 (a) and (b), it is possible
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to interpret the residual anomaly along the D-D’ profile of the gravity survey. The
possible main subsurface density structure interpretations of the Cimandiri fault zone
along the D-D’ line are presented in Figures 6.10 (a) and (b). The L1 and L2 zones
in the figures indicate the lower density zone. The H1 and H2 zones in the figures
indicate the middle density zone. The FZ zone in the figures indicate the boundary
between the H1 and H2 zones. The red lines indicate the boundary between the lower
density zone at near surface and the middle density zone at deeper part. The broken
blue and purple lines in Figure 6.10 (a) and (b) indicate the boundaries between the FZ
and the lower density zones (L1 and L2 zones) near the surface. The solid blue and
purple lines in Figure 6.10 (a) and (b) indicate the boundaries between the FZ and the
middle density zones (H1 and H2 zones) at the deeper depth. Figure 6.10 (a) and (b)
presents the possibilities of the FZ zone is a graben and the south-dipping conductive
zone, respectively. Figure 6.10 satisfies the subsurface electrical resistivity structures,
as presented in Figures 6.9 (a) and (b).
Figure 6.10 presents that the FZ zone is extended down to 3 km. This zone coin-
cides with the downward projection of the Cimandiri River and seem to be associated
with the Cimandiri fault zone. The following general characteristics are found for the
subsurface density structure of the D-D’ line from all models:
1. The L1 zone (density = 1.7 g/cm3) is from the surface until the depth of about
0.7 km in the southern part of the study area.
2. The L2 zone (density = 1.7-1.8 g/cm3) is from the surface until the depth of
about 0.9 km in the northern part of the study area.
3. The H1 zone (density = 2.3 g/cm3) is between the depth of from about 0.7 km to
3 km in the southern part of the study area.
4. The higher density zone (density = 2.7 g/cm3) is from surface to deeper part of
the model in the southern part of the study area.
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5. The H2 zone (density = 2.0 g/cm3) is between the depth of from about 0.9 km to
3 km in the northern part of the study area.
6. The FZ zone (density = 1.7 g/cm3) is a boundary between the H1 and H2 zones.
6.2 Topographical Aspect of the Study Area
Figure 6.11 show the topography aspect around the A-A’ profile by using the
Digital Elevation Map (DEM) which has the 90 m resolution. The numbers in the
figures indicate the AMT observation sites which corresponds to Table 4.2. The white
line along alphabets “A” and ”A”’ is indicated the AMT A-A’ profile. The white line
along alphabets “X” and ”X”’ is indicated the profile which is used to identify the
general tendency of the topographical aspect around the A-A’ profile. The general
tendency of the topographical aspect around the A-A’ profile is presented in Figure
6.12. The topographical aspect of the AMT stations and its detail information are
presented in Figure 6.13 and Table 6.1, respectively.
Figure 6.12 presents that the 6th AMT station is located in the lowest part along
the X-X’ profile and associated with the location of the Cimandiri River. This lowest
part is a boundary between the southern and northern part of the Cimandiri River. The
southern part of the Cimandiri River is the southern mountain of West Java, which is
located some mountains such as Mt. Patat, Mt. Talaga, Mt. Kendeng, Mt. Tikukur,
Mt. Tilu, Mt. Patuha, and Mt. Malabar as presented in Figure 4.2 (b). The northern
part of the Cimandiri River is dominated by the sedimentary basins. Theoretically, this
feature is possibly associated with the existence of the thrust fault as the result of the
horizontal compressive stresses.
This boundary is also possibly related to the resistor-conductor boundary around
the 6th AMT station, as presented by the broken and solid purple lines in Figures
6.9 (b) and 6.10 (b). Figure 6.13 also shows there is an abrupt line along the 8th,
9th, and 10th, 13th and 14th AMT stations. This abrupt line is possibly associated
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with the resistor-conductor boundary below the 8th, 9th, 10th, 13th and 14th AMT
stations, as presented by broken and solid blue lines in Figures 6.9 (a) and 6.10 (a).
The interpretations of this boundaries on the topographical profile along the A-A’ lines
is presented in Figure 6.14.
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Figure 6.11 The digital elevation map (DEM) around the A-A’ profile. The numbers in
the figures indicate the AMT observation sites which corresponds to Table
4.2.
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Figure 6.12 The topographical aspect along the X-X’ profile. The number in the figures
indicate the AMT observation sites which corresponds to Table 4.2.
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Figure 6.13 The topographical aspect along the A-A’ profile. The numbers in the fig-
ures indicate the AMT observation sites which corresponds to Table 4.2.
Table 6.1 The topography aspect of all AMT stations along the A-A’ profile.
Station Distance (km) Height (m)
1 0 76
2 1 46
6 3.1 32
8 4.2 73
9 4.4 82
10 4.8 106
13 5.9 204
14 6.1 221
20 9.9 310
21 10.2 320
22 10.5 334
25 11.9 407
26 12.5 426
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Figure 6.14 The interpretation of the topographical aspect along the A-A’ profile. The
numbers in the figures indicate the AMT observation sites which corre-
sponds to Table 4.2.
6.3 Comparison between Audio-frequencyMagnetotel-
luric (AMT), Gravity, and Topographical Aspect
Results
Tectonically, the study area is located on eastward of the transitional zone between
the frontal subduction of Java and the oblique subduction of Sumatra. These subduc-
tion zone are the result of continental collision between the Australian and the Indian
Plates which have been moving toward the northeast relative to the Eurasian Plate (La-
sitha et al., 2006). Theoretically, continental collision can produce large amounts of
horizontal strain. Strain in the crust is accommodated by both brittle and ductile mech-
anism. The brittle upper crust can be compressed and thickened by displacements on a
125
Discussions
series of thrust faults that form thrust belt. The uplift block of the thrust fault creates a
mountain range and each down-dropped block form a sedimentary basin (Turcotte and
Schubert, 2002).
Since the displacements on the normal faults are caused by the horizontal exten-
sion, so that there is less possibility the normal fault will be dominated in the surround-
ing subduction zone. Therefore, the preferable type of the Cimandiri fault zone from
the result of the AMT survey is the thrust fault, as presented in Figures 6.9 (b) and 6.10
(b). It is also supported by the surface geological information that the southern part of
the study area is dominated by older igneous rocks and the northern part of the study
area is dominated by the sedimentary rock because the thrust fault places older rocks
above younger.
We will unite AMT and gravity models in this section. The common subsurface
structure model which satisfies Figures 6.9 (b) and 6.10 (b) will be proposed. The
upper panel of Figure 6.15 is corresponding to the result of the subsurface electrical
resistivity model and the lower panel is the subsurface density model. Large-scale
structure boundaries are plotted by red lines. Generally, it is found that there are two
layers and a vertical structure which is extended down to the deeper part. The vertical
structures have a width of about 3 km horizontally. It is found that the layered struc-
tures in the subsurface electrical resistivity and density models have good agreement.
Taking into account the subsurface electrical resistivity and density structures
which are presented in Figure 6.15 and the topographical aspect around the A-A’ pro-
file, the simplified subsurface structure of the Cimandiri fault zone is presented in Fig-
ure 6.16. The result presents that there are the conductive and lower density layer (C1;
1-100 Ωm, 1.7 g/cm3, C2; 1-100 Ωm, 1.7-1.8 g/cm3) near the surface. Starting from
the depth of about 0.7 km in the southern part and 0.9 km in the northern part, there are
R1 (> 1,000 Ωm, 2.3 g/cm3) and R2 (> 1,000 Ωm, 2.0 g/cm3) zone, respectively. The
R1 and R2 zones extends down to the deeper part. There is also the conductive and
low density zone (FZ; 50-750 Ωm, 1.7 g/cm3) from the surface and extends down to 3
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km deep and locates at the distance of 3-5 km on the surface. The FZ zone coincides
with the downward projection of the Cimandiri River and seems to collocate with the
Cimandiri fault zone.
Figure 6.16 presents that the preferable type of the Cimandiri fault zone is the
thrust fault, which the southern part is the uplift block and the northern part is the the
down-dropped block of the fault. This result is consistent with the result of previous
study (Hall et al., 2007). The Bandung-Cimandiri zone is mostly covered by recent
volcanic products. Fluvial to shallow marine sediments, succeeded by turbiditic sedi-
ments, outcrop in this zone (van Bemmelen, 1949; Sukamto, 1975; Martodjojo, 1984).
This geological information well agreed with the underground structure of the A-A’
and B-B’ lines, which have some very conductive spots (1-5 Ωm) and conductive zone
(C1 and C2; 1-100 Ωm) near the surface down to the depth of about 0.7 km in the
southern part and 0.9 km in the northern part. These very conductive and conduc-
tive zones are possibly related to the marine sediments and recent volcanic products
which are dominant at the surface in the study area. For subsurface gravity structure
of the D-D’ profile, these very conductive and conductive zones are represented by the
lower density value zones (1.7-1.8 g/cm3) near the surface. The resistive zones (R1
and R2; > 1,000 Ωm) at the deeper part are possibly correlated with the low porosity
sediments. These resistive zones have the density about 2.0-2.3 g/cm3. In addition, the
higher density zone (density = 2.7 g/cm3) in the southern part of the D-D’ line may be
correlated with the igneous rocks which are dominant in the southern mountain zone
of West Java, Indonesia.
Figure 6.16 represents the thrust fault which the southern part is the uplift block
and the northern part is the down-dropped block. The FZ zone in Figure 6.16 is ex-
tended to the deeper part down to 3 km and coincides with the downward projection of
the Cimandiri River. This FZ zone also seem to collocate with the Cimandiri fault zone
as the location of the Cimandiri fault zone is along the Cimandiri River. The width of
the FZ zone is about 2 km horizontally. It is consistent with the result of the previous
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study studied by Haryanto (2014) which also suggested the width of the Cimandiri
fault zone is about 3 km horizontally.
6.4 Seismicity around the Cimandiri Fault Zone
We investigated the earthquake catalog listed by the Indonesian Meteorological
Climatological and Geophysical (BMKG) over 30 years (from January, 1973 to May,
2013) (M>=1 and depth≤ 0-50 km) occurred around the Cimandiri fault zone to iden-
tify the seismicity. The distribution of the earthquakes occurred in the study area is
presented in Figure 6.17.
Figure 6.17 The distribution of the earthquakes occurred in the study area.
Figure 6.18 presents that there are 13 earthquakes with M>1 occurred inside the
fault zone. The detail information about the earthquakes is listed in Table 6.2. Figures
6.18 also show the relationships between the depth-longitude and the depth-latitude
for the earthquakes occurred inside the Cimandiri fault zone. The shallow earthquakes
mostly occurred at the depth of 10 km, whereas, the deep earthquakes occurred the
depth range of 20-50 km. Figures show that there is no correlation between the mag-
nitude and the depth of the earthquakes.
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Figure 6.18 The distribution of all earthquakes occurred around the Cimandiri fault
zone during 30 years (1973-2013). The earthquakes have the magnitude
>1 and the depth range of 0-50 km.
Table 6.2 The list of the earthquakes occurred inside the Cimandiri fault zone
No. Event Magnitude Depth (km) Longitude Latitude
1. May 7, 1996 4.5 33 106.6o -7.03o
2. July 22, 1999 4.8 33 106.93o -6.98o
3. May 6, 2000 5.1 15 106.77o -7.22o
4. Dec 17, 2000 5.3 25.2 106.90o -7.06o
5. March 16, 2001 4.6 33 106.84o -7.01o
6. Oct 30, 2006 4.7 10 106.75o -7.00o
7. Feb 8, 2007 1.0 22 106.58o -7.01o
8. May 11, 2007 4.5 33 106.91o -6.92o
9. Jan 3, 2009 5.1 10 106.53o -7.02o
10. Agt 8, 2010 3.6 10 106.54o -7.07o
11. May 31, 2010 3.4 10 106.54o -7.03o
12. June 5, 2010 2.9 10 107.03 o -6.87o
13. Feb 15, 2011 3.1 46 107.23o -6.90o
14. Feb 28, 2012 3.0 10 106.90o -6.93o
15. Sept 8, 2012 4.4 5 106.5o -7.0o
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In addition, we also investigated focal mechanisms of the earthquakes around the
Cimandiri fault zone. The focal mechanism data are from National Research Institute
of Earth Science and Disaster Prevention (NIED) (2007-2014; M>4; depth ≤ 50 km)
and Global CMT catalogue over 38 years (1976-2014; M=0-10; depth ≤ 50 km). Fig-
ure 6.19 presents the focal mechanism of the earthquakes occurred close to the fault
zone. The detail information of the earthquakes is given in Table 6.3.
Figure 6.19 The focal mechanisms of the earthquakes around the Cimandiri fault zone
over 38 years.
Table 6.3 The detail information of the focal mechanism result
No. Event Magnitude Depth (km) Longitude Latitude Strike Dip Slip
1. May 6, 2000 5.1 15 106.77o -7.22o 259o 23o 65o
2. Dec 17, 2000 5.3 25.2 106.90o -7.06o 350o 42o -152o
3. Sept 8, 2012 4.4 5 106.5o -7.0o 43o 33o -66o
The result of the seismicity analysis around the Cimandiri fault zone presents that
there are earthquakes activities around the Cimandiri fault zone in the past. This result
is not consistent with that of Hall et al. (2007), which presented the Cimandiri fault
zone is just thrust, not active fault. However, since the result of the focal mechanism
analysis just presents three earthquakes which could be analyzed their mechanism over
38 years, the type of the Cimandiri fault zone can not be determined from this analysis.
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6.5 Summary
In this chapter, the interpreted subsurface structure of the electrical resistivity
and density models, comparison between both models, and the seismicity around the
Cimandiri fault zone are discussed. Taking into account the tectonic background of
the study area which is horizontal compressional zone as the result of the continental
collision between the Australian-Indian Plates which have been moving toward the
northeast relative to the Eurasian Plate as well as the surface geological information
of the study area, the preferable type of the Cimandiri fault zone is thrust fault. The
subsurface electrical resistivity and density structures also suggest that the preferable
type of the Cimandiri fault zone is the thrust fault. They are also supported by the
topographical aspect of the study area. The general characteristics of the subsurface
structures of the Cimandiri fault zone from the AMT and gravity data are as follows:
1. A conductive and low density zone (C1 and C2; 1-100 Ωm, 1.7-1.8 g/cm3) is
from the surface down to the depth of 0.7 km in the southern part and 0.9 km
deep in the northern part. This zone is possibly related to the recent volcanic
products and marine sediments in the study area.
2. A resistive and middle density zones (R1 and R2; > 1,000 Ωm, 2.0-2.3 g/cm3)
are the depth of 0.7-3 km in the southern part and the depth of 0.9-3 km in the
northern part possibly associated with the low porosity sediments in the study
area.
3. The boundary zone (FZ; 50-750 Ωm, 1.7 g/cm3) from the surface and extends
down to the deeper part at the distance of 3-5 km on the surface, which coincides
with the downward projection of the Cimandiri River and seems to collocate with
the Cimandiri fault zone.
In addition, the seismicity around the Cimandiri fault zone is also discussed in this
chapter. The earthquakes data of the BMKG earthquake catalogue over 30 years were
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investigated. The focal mechanism data from National Research Institute of Earth Sci-
ence and Disaster Prevention (NIED) and Global CMT catalogue over 38 years were
also analyzed in this chapter. The result of the seismicity analysis around the Cimandiri
fault zone presents that there are earthquakes activities around the Cimandiri fault zone
in the past. However, the type of the Cimandiri fault zone can not be determined from
the focal mechanism analysis.
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Chapter 7 Conclusion
The conclusion of the study and the recommendation for future work at the Cimandiri
fault zone will be presented in this chapter.
7.1 Conclusion
To identify the subsurface structure of the Cimandiri fault zone, West Java, In-
donesia, the audio-frequency magnetotelluric (AMT) and the gravity surveys have
been carried out around the Cimandiri fault zone. The Cimandiri fault zone is lo-
cated on eastward of the transitional zone between the frontal subduction of Java and
the oblique subduction of Sumatra. This fault zone locates along the Cimandiri river
and the boundary between the Bandung zone and the southern mountains trends N70-
80oE from the Gulf of Pelabuhan Ratu to the Bandung area. The Cimandiri fault zone
mostly covered by recent volcanic product.
The AMT survey has been performed along two profiles which are perpendicu-
lar and parallel to the Cimandiri fault zone. The analysis of the AMT data consists
of the data pre-processing, magnetotelluric phase tensor analysis, galvanic distortion
estimation as well as the inversion modeling, and sensitivity test analysis. In data pre-
processing, the apparent resistivity, impedance phase, and induction vector have been
calculated. Since we assumed that the data with the coherency more than 0.7 are good
in quality, we used the observed data of the 27 AMT sites from the 43 AMT sites or
further analysis. The direction of induction vector arrows are dominated to northern
part of the study area. Therefore, it can be assumed that there are less influences of the
Indian Ocean, which is located in the western part of the study area. In the analysis of
magnetotelluric phase tensor, the dimensionality of the regional structure and regional
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strike of the study area are estimated. The results show that generally the β values
are scattered in −5o ≤ β < 5o for whole frequency. It is safety to say that the dimen-
sionality of regional structure of the study area is 2-D. This result is also supported
by the analysis of the induction arrow direction which reveal that there are less influ-
ences from the sea water. The results of the analysis of magnetotelluric phase tensor
also show that the strike is N60o- 80oE which is possibly related to the strike of the
Cimandiri fault zone. Since the N80oE direction is corresponding to the regional strike
of the study area and the A-A’ line is perpendicular to the strike of the Cimandiri fault
zone, all frequencies (TM and TE modes) of the A-A’ line were projected to N80oE.
As for the B-B’ line is parallel to strike of the Cimandiri fault, we just analyzed the
original observed data of TM modes for the B-B’ line. Finally, the results of inversion
modeling by Ogawa and Uchida (1997) which considers the static shift effect on the
AMT data have been performed. According to the calculation of the skin depth and
the sensitivity analysis, the subsurface electrical resistivity structure along the A-A’
and B-B’ profiles is drawn down to 3 km deep. The presence of the resistor-conductor
boundaries at the deeper part are confirmed by the AMT forward modeling, whereas
the presence of the resistor-conductor boundaries near the surface is confirmed by the
near surface structure model. Generally, the subsurface electrical resistivity structure
of the Cimandiri fault zone along the A-A’ and B-B’ profiles is dominated by the con-
ductive zones (C1 and C2; 1-100 Ωm). There are also some very conductive spots
(1-5 Ωm) near the surface along both profiles. The results also show there are resistive
zones (≥ 1,000 Ωm) between the depth of 1-3 km along the A-A’ and B-B’ profiles.
Between two resistive zones of the A-A’ profile, there is a boundary between the re-
sistive zones (FZ; 500-750 Ωm) which coincides with the location of the Cimandiri
River. The results of the AMT analysis present that the possible characteristics of the
FZ zone is either a graben or the south-dipping conductive zone.
There are 42 gravity observation sites in study area. The analysis of the grav-
ity data which were supplied by BMKG consists of gravity reduction, regional and
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residual separation, and forward modeling. The result of the gravity reduction as well
as regional and residual separation analysis is the complete Bouguer gravity anomaly
map. The complete Bouguer gravity anomaly map presents that the Bouguer grav-
ity anomalies generally decrease toward the Bandung-Cimandiri zone and the highest
anomaly values remain at the southern mountains. The residual gravity anomaly map
shows that the positive residual gravity values are related to some mountain zones in
the study area such as Mt. Halimun, Mt. Pangrango, Mt. Talaga, Mt. Kendeng, and
Mt. Tangkuban Perahu. As for the negative residual gravity values, they are related
to Pelabuhan Ratu area, Sukabumi area Cirata Dam, and Bandung area. The residual
gravity anomaly map also shows there seems to be a correlation between the bound-
ary of the positive and negative gravity residuals and the Cimandiri fault zone. The
forward modeling which performed by using the Talwani method was also applied to
residual gravity anomaly map. This forward modeling was performed in the same per-
pendicular profile of the AMT survey, but 4 km longer to south comparing to the AMT
profile. Generally, the subsurface density structures of the Cimandiri fault zone along
the profile are characterized by the lower density zone (density = 1.7-1.8 g/cm3) near
the surface along the D-D’ profile. This lower density zone overlay the middle density
zones (density = 2.0-2.3 g/cm3) until 3 km deep. The result of the forward modeling
also presents there is the higher range density zone (density = 2.7 g/cm3) in the south-
ern part of the D-D’ profile. In addition, there is the lower density boundary (density =
1.7 g/cm3) between the middle density zones and coincides with the downward projec-
tion of the Cimandiri River. The possible characteristics of the lower density boundary
satisfies that of the boundary between the resistive zones from the AMT analysis.
The topographical aspect of the study area presents that the Cimandiri fault zone
is possibly associated with the existence of the thrust fault. This thrust fault is as the
result of the horizontal compressive stresses from the continental collision between the
Australian-Indian Plates which have been moving toward the northeast relative to the
Eurasian Plate.
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Therefore, the preferable type of the Cimandiri fault zone is the thrust fault. This
result support the previous study by Hall et al. (2007). To identify the seismicity around
the Cimandiri fault zone, the earthquakes data from the BMKG earthquake catalogue
over 30 years was analyzed in this study. The focal mechanism data from National Re-
search Institute of Earth Science and Disaster Prevention (NIED) and Global CMT cat-
alogue over 38 years was also analyzed. The result of the seismicity analysis around the
Cimandiri fault zone presents that there are earthquakes activities around the Cimandiri
fault zone in the past. However, the type of the Cimandiri fault zone can not be deter-
mined from the focal mechanism analysis. The results of this study indicate that the
Cimandiri fault zone is thrust fault and the identified subsurface structure, as presented
in Figure 7.1, is as follows:
1. A conductive and low density zones (C1 and C2; 1-100 Ωm, 1.7-1.8 g/cm3) is
near the surface of the Cimandiri fault zone. Those zones are possibly related to
the recent volcanic products and marine sediments in the study area.
2. Between the depth of 0.7-3 km in the southern part and the depth of 0.9-3 km
in the northern part, there are resistive and middle density zones (R1 and R2; >
1,000 Ωm, 2.0-2.3 g/cm3) which are possibly associated with the low porosity
sediments in the study area.
3. Between the resistive and middle density zones, there is boundary zone (FZ; 50-
750 Ωm, 1.7 g/cm3) from the surface and extends down to the deeper part. This
FZ zone is 2 km wide horizontally and coincides with the downward projection
of the Cimandiri River and seems to collocate with the Cimandiri fault zone.
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Conclusion
7.2 Recommendation for FutureWorks at the Cimandiri
Fault Zone
This study have been carried out by using audio-frequency magnetotelluric (AMT)
in the western part of the Cimandiri fault zone, near Pelabuhan Ratu area. By consider-
ing the skin depth effect and the result of the sensitivity test, the subsurface structure of
the western part of the Cimandiri fault zone is limited to the depth of 3 km. Therefore,
it is important to investigate the subsurface structure of the Cimandiri fault zone by car-
rying out magnetotelluric (MT) along the Cimandiri fault zone, from Pelabuhan Ratu
area to Bandung area, so that the identification and verification of the deeper part along
the Cimandiri fault zone could be done. The presence of well-logging data which are
distributed along the Cimandiri fault zone in the future will verify the stratigraphical
subsurface condition of the Cimandiri fault zone more detail. In addition, investigation
of seismicity along the Cimandiri fault zone to identify the focal mechanism will verify
the type of the Cimandiri fault zone more detail.
The analysis of the earthquake history surrounding the Cimandiri fault zone presents
that mostly earthquakes occurred close to the Cimandiri fault zone are not the shallow
earthquakes. To identify the shallow depth subsurface structure of the Cimandiri fault
zone more detail, it is needed to investigate the subsurface structure of the Cimandiri
fault zone by carrying out the seismic exploration in the future.
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Appendix: Kriging Method
Kriging is optimal prediction in space by using surrounding data observations
taken at known nearby locations (Cressie, 1990). The estimation of a variable at an
unmeasured location is from observed values at surrounding locations. Kriging can
produce visually appealing maps from irregularly spaced data. It attempts to express
trends suggested in analyzed data and incorporates anisotropy and underlying trends in
an efficient and natural manner by generating an interpolated grid (Golden Software,
2013).
According Goovearts (1997), the basic form of the kriging estimator is
Z∗(u)−m(u) =
n(u)
∑
α=1
λα [Z(uα)−m(uα)] (A.1)
with
u, uα : location vectors for estimation point and one of the neighboring data points,
indexed by α .
n(u): number of data points in local neighboring used for estimation of Z∗(u).
m(u), m(uα): expected values (means) of Z(u) and Z(uα).
λα(u): kriging weight assigned to datum z(uα) for estimation location u; same datum
will receive different weight for different estimation location.
Z(u) is treated as a random field with a trend component, m(u), and a residual
component, R(u) = Z(u)−m(u). Kriging estimates residual at u as weight sum of
residual at surrounding data points. Kriging weights, λα , are derived from covariance
function or semivariogram, which should characterize residual component.
In Kriging method, an important thing is to determine weights, λα . It can be
carried out by minimizing the variance of the estimator:
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σ2E(u) =Var{Z∗(u)−Z(u)} (A.2)
under the unbiasedness constraint E {Z∗(u)−Z(u)}= 0.
The random field (RF) Z(u) is decomposed into residual and trend components, Z(u) =
R(u)+m(u),with the residual component treated as an RF with a stationary mean of 0
and a stationary covariance (a function of lag, h, but not of position, u):
E {R(u)}= 0 (A.3)
Cov{R(u), R(u+h)}= E {R(u) ·R(u+h)}=CR(h) (A.4)
The residual covariance function generally derived from the input semivariogram:
CR(h) =CR(0)− γ(h) (A.5)
Equation A.5 can be formulated:
γ(h) =CR(0)−CR(h) (A.6)
In words, Equation A.6 means the lag-zero covariance should be equal to the global
variance of the variable under consideration, the correlogram should look like the co-
variance function scaled by the variance, and the semivariogram should look like the
covariance function turned upside down. The correlogram is the correlation versus lag
and the semivariogram is the semivariance versus lag. Graphically, it can be drawn by:
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Figure A.1 Relationship between the correlogram and semivariogram. (Bohling,
2005).
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